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FOREWORD 


This report has been prepared by the Hamilton Standard Division 
of United Technologies Corporation for the National Aeronautics 
and Space Administration , Ames Research Center in accordance with 
the requirements of Contract NAS 2-8912, Fusible Heat Sink for 
EVA Thermal Control. 

Appreciation is expressed to the NASA Technical Manager, Mr. Bruce 
Webbon of the Ames Reseach Center, for his guidance and advice, 

Hamilton Standard personnel responsible for the conduct of this 
program were Mr. Daniel J, Lizdas, Project Manager and Mr. George 
J. Roebelen, Jr., Program Engineer. Appreciation is expressed to 
Mr, John S. Lovell, Chief, Advanced Engineering, Mr. Earl K. 

Moore, Technical Specialist, Mr. W. Clark Dean, II, Design Engi- 
neer, Mr. Edward H. Tepper, Analytical Engineer, and Mr. Gerald 
Winter, Analytical Engineer, whose efforts made the successful 
completion of this program possible. 

«• • 

Hardware concept drawings have been prepared as a result of ef- 
fort expended during the period covered by this report. These 
drawings, Fusible Heat Sink System - Packaging Concept, SVSK 
91745 Sheet 1 and 2, and Fusible Heat Sink System - Heat Exchang- 
er Concept, SVSK 91780, have been transmitted under separate cover. 
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INTRODUCTION 


Future manned space exploration missions are expected to include 
requirements for astronaut life support equipment capable of 
repeated use and regeneration for many extravehicular activity 
(EVA) sorties. In anticipation of these requirements, NASA/ARC 
funded two contracts (NAS 2-6021 and NAS 2-6022) for the study 
of Advanced Extravehicular Protective Systems (AEPS) . The pur- 
pose of these studies was to determine the most practical and 
promising concepts for manned space flight operations projected 
for the late 1970's and 1980 's and to identify areas where con- 
centrated research would be most effective in the development of 
these concepts. 

One regenerative concept for astronaut cooling utilizes a fusible 
slurry pack as the primary heat sink for a liquid cooling garment 
(LCG) cooling system. A solution of potassium bifluoride in wa- 
ter, developed under NASA/ARC Contract NAS 2-7011, is employed as 
the major constituent in the slurry. 

This report describes the effort funded by NASA/ARC under Con- 
tract NAS 2-8912 during which a heat sink system utilizing a 
phase change slurry material was preliminary designed and anal- 
yzed, and candidate phase change slurry materials were evaluated. 
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SUMMARY 


The objective of the Fusible Heat Sink for EVA Thermal Control 
program is to evaluate candidate phase change slurry materials 
and to preliminarily design and analyze a heat sink system util- 
izing a phase change slurry material to be used eventually for 
astonaut cooling during manned space missions. 


A fusible material investigation was conducted to develop a suit- 
able slurry mixture for the fusible heat sink application and to 
test the critical properties of the fusible material in a simu- 
lated system. This investigation has demonstrated that a slurry 
with the composition of 45 ml of 30 g potassium bifluoride per 
100 g water solution combined with 5 ml of ethanol provides the 
desired thermal storage capacity and slurrying properties re- 
quired for satisfactory fusible heat sink operation. 


Utilizing the selected slurry material, a preliminary design was 
concepted for the fusible heat sink system, and an extensive math 
model was written to describe the thermal operation of the system 
during normal (astronaut cooling) and recharge (refreeze) condi- 
tions. The output from the math model verifies the desired ther- 
mal gradients necessary for fusible heat sink operation. Hard- 
ware drawings have been prepared describing the fusible heat sink 
concept'. These drawings, Fusible Heat Sink System - Packaging 
Concept., SVSK 91745 Sheet 1 and 2, and Fusible Heat Sink System - 
Heat Exchanger Concept, SVSK 91780, have been transmitted under 
separate cover. 


Based on the results of 
EVA Thermal Control has 
concept for EVA Thermal 


this program, the Fusible Heat Sink for 
been demonstrated to be an acceptable 
Control . 
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CONCLUSIONS 


It is concluded that a slurry of potassium bifluoride/water/etha- 
nol meets all requirements for a regenerable heat sink material 
and that a system can be designed to perform satisfactorily using 
this material. 
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RECOMMENDATIONS 


The studies and test results of this program have indicated that 
a slurry system can be designed to satisfy the Fusible Heat Sink 
for EVA Thermal Control requirements. Therefore, it is recommend- 
ed that a laboratory demonstration module aimed at demonstrating 
the feasibility of the concept generated by this program be de- 
signed, analyzed, manufactured, and tested. 
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Btu 

Btu/hr 

Btu/hr-ft-°F 

Btu/hr-ft2-°F 

Btu/lb-°F 

British thermal unit 
British thermal unit per hour 
British thermal unit per hour-foot-degree 
Fahrenheit 

British thermal unit per hour-square foot 
degree Fahrenheit 

British thermal unit per pound-degree 
Fahrenheit 

cal 

cal/g 

cm 

°C 

calorie 

calorie per gram 
centimeter 
degree Celsius 

DC 

direct current 

EVA 

extravehicular activity 

ft 

foot 

°F 

degree Fahrenheit 

g 

gram 

g/s 

gram per second 

H X, H/X 
H20 

heat exchanger 
water 

in 

inch 

J 

J/g 

J/g-°C 

J/s 

J/s-m-°C 

joule 

joule per gram 

joule per gram-degree Celsius 
joule per second 

joule per second-meter-degree Celsius 

kg 

kg/hr 

KHF 2 

kJ 

kJ/hr 

kPa 

kilogram 

kilogram per hour 
potassium bifluoride 
kilojoule 
kilojoule per hour 

kilopascal (kilonewton per square meter) 
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NOMENCLATURE 

(Continued) 


lb 

pound 

lb/hr 

pound per hour 

Ib/min 

pound per minute 

LCG 

liquid cooling garment 

LSS 

life support system 

m 

meter 

mc P 

thermal mass 

min 

minute 

ml 

milliliter 

NPT 

national pipe thread 

O.D. 

outside diameter 

Pa 

pascal (newton per square meter) 

PLSS 

portable life support system 

psi 

pound per square inch 

psia 

pound per square inch absolute 

T.C. 

thermocouple 

Tl, T 2 f T 3 , T 4 

temperature 

VDC 

direct current volt 

W 

watt 

W/cm-°C 

watt per centimeter-degree Celsius 

W/cm2-°C 

watt per square centimeter-degree Celsius 

Wl, w 3/ W5 

flow rate 

SG 

sum of conductances to adjacent parts 
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The Fusible Heat Sink for EVA Thermal Control program was perform- 
ed in four phases. These phases are discussed in the following 
sections : 


Fusible Materials Investigation 

Preliminary Design 

Performance Analysis 

Component and System Specifications 
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FUSIBLE MATERIAL INVESTIGATION 

Based on the results of the Thermal Storage Materials effort con- 
ducted under NASA/ARC Contract NAS 2-7011, the phase change ma- 
terial was selected at the inception of this Fusible Heat Sink 
program. A slurry containing a thermal storage solution of 30 
grams potassium bifluroide (KHF 2 ) per 100 grams of water mixed 
with a suitable slurrying admixture will be developed. Following 
is a description of the effort associated with this task. 


SLURRY EVALUATION 


In order to evaluate the suitability of a particular slurry for 
our specific application, the following list of required charac- 
teristics has been established: 

Relatively high thermal absorption capability 

Absorption capability in temperature range of -15 °C to 0°C 

Pumpable when "frozen" 

Low toxicity of vapor at room temperature and pressure 

Three categories of mixtures were selected for initial investiga- 
tion; all satisfy the vapor toxicity requirement. The relatively 
low level of ethanol could be mildly exhilarating but not toxic. 


30g KHF 2 per lOOg H 2 O 

30g KHF 2 per 10 0g H 2 O, ethylene glycol admixture 


30g KHF 2 per 10 Og H 2 O, ethanol admixture 


Six 50 ml specimens were prepared and capped in Lexan centrifuge 
tubes of 0.10 cm wall thickness and 2.65 cm internal diameter: 


Sample #1 
Sample #2 

Sample #3 

Sample #4 


50 ml of 30g KHF2/100g H 2 O 

47.5 ml of 30g KHF2/100g H 2 O 

2.5 ml of ethylene glycol 

45 ml of 30g KHF2/100g H 2 O 
5 ml of ethylene glycol 

47.5 ml of 30g KHF 2 /100g H 2 O 

2.5 ml of ethanol 
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Sample #5 45 ml of 30g KHP2/100g H 2 0 

5 ml of ethanol 

Sample #6 40 ml of 30g KHF 2 /100g H20 

10 ml of ethanol 

Each of the six specimens was cooled a minimum of 3 times each to 
final temperatures of -17.8°C (0°F) , -15 C (5 F) , and -12. 

(10°F) . 

Samples 1, 2, and 3 were solid at each of the three final temper- 
atures of -17.8°C (0°F), -15°C (5°F) , and -12.2°C (10°F) and were 
judged unacceptable as slurry materials. 

Samples 4, 5, and 6 all exhibited a slurrying effect where the 
outer portions of the mixture , the part that froze first, were 
relatively solid, and the inner core remained liquid/slushy . The 
only immediately noticeable difference between the three samples 
was that the size of the core was directly related to the ethanol 
content. The fact that the inner portion of the specimen remain- 
ed liquid leads us to conclude that the proper approach is to 
package the system such that the fluid contained in the pump and 
associated lines is the last to chill and, hence , remains liquid. 
Proper location of components and insulation panels can accom- 
plish this desired slush distribution. The liquid portion flows 
around the periphery of the frozen portion, gradually thawing the 
entire slurry. 

During several cooling runs. Sample #6 failed to ^ *L 

temperature of -17.8°C (0°F) . Rapid agitation of the sample pro 
duced v a crystallization that was thought to be freezing of the 
fluid. However, further investigation indicated that the freez- 
ing point of the 20% ethanol slurry is in the -17.8 C (0 
range, thereby accounting for the occasional failure to solidify. 
The solubility of KHF 2 in H 2 O in this temperature range is ap- 
proximately 8g per lOOg II 2 0. Apparently, the precipitate that 
occurred during agitation of the unfrozen sample was KHF 2 rather 
than ice crystals. A description of process by which the freez- 
ing point and concentration properties were obtained is contained 
in the System Simulation Testing section following. 

An assessment of the properties of the six samples tested 
cates that Sample #4 (5% ethanol) and Sample #5 (10% ethanol) ex- 
hibit the characteristics required for satisfactory performance 
in our application. The significant differences between Sample 
#4 and Sample #5 are: Sample #4 (5% ethanol) would be expected 

to have a slightly greater heat absorptive capability per unit 
volume due to its lesser volume of ethanol, and Sample #5 (10% 
ethanol) has been observed to have a larger liquid center m the 
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frozen condition. Inasmuch as the Fusible Heat Sink concept de- 
pends on the slurry having a liquid center for start up condi- 
tions, it was decided to follow the conservative approach and se- 
lect the 10% ethanol slurry for further investigation. Once the 
feasibility of this concept has been proven, additional effort 
could be expended to study the possibility of reducing the slurry 
ethanol content. 

It was decided to utilize the United Technologies Research Center, 
the agency that performed the Thermal Storage Materials effort 
under Contract NAS 2-7011, to perform calorimeter testing of the 
10% ethanol specimen to ensure that the addition of ethanol to the 
KHF 2 /H 2 O solution did not alter the manner in which the KHF2 pre- 
cipitated during freezing and, hence, degrade the heat absorptive 
capability of the potential slurry material . Figure 1 illustrates 
the results of this calorimeter testing. As shown, the 10% etha- 
nol specimen produced a heat absorption of 487 J/g (116.4 cal/g) 
as compared to a predicted value of 456.3 J/g (109.1 cal/g) (90% 
of the 507 J/g (121.2 cal/g) obtained during previous testing of 
the 30g KHF2/100q H 2 O solution) . The specific gravity of the 10% 
ethanol specimen was measured as 1.10 at 21.1°C (70°F) . There- 
fore, the heat absorption per unit volume of the 10% ethanol 
specimen is approximately 535.7 J/cm^ (8.32 Btu/in ). These 
values of heat absorption are as expected and are acceptable for 
Fusible Heat Sink slurry. 

A cooling curve was run on the 10% ethanol specimen to determine 
the temperature range over which the bulk of the heat was ab- 
sorbed. This curve is obtained by freezing the specimen and 
allowing it to thaw at room temperature. Specimen temperature 
vs. time is ploted in Figure 2 which shows that the majority of 
heat absorption has been completed by the time the specimen 
reached -5°C (23°F) . 

An experiment was conducted to detemine the volume increase of 
the 10% ethanol slurry during freezing. A quantity of 20 ml of 
liquid slurry was placed in a graduated cylinder and frozen. The 
frozen slurry volume was measured at 20.9 ml +0.1 ml. This 
translates into a volume increase during freezing of 4 to 5%. 

The 10% ethanol specimen satisfies all of the established slurry 
requirements; system simulation testing was conducted using this 
solution. 


SYSTEM SIMULATION TESTING 

The object of conducting system simulation testing is to verify 
satisfactory performance of the selected slurry when subjected 
to conditions encountered during actual system operation. 
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FXGURE Is CALORIMETER TEST CURVE 
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The system concept, described in the following paragraphs, con- 
tains a suitable amount of slurry that is "frozen" in preparation 
for usage. During usage, the liquid portion of the slurry is 
pumped from the slurry storage tank through the LOG heat exchan- 
ger where heat is absorbed from the LCG cooling loop, and back to 
the siurry tank. When the entire slurry is "thawed" by contact 
between the liquid portion of the slurry and the frozen slurry 
interface, the system is removed from the LCG heat exchanger in- 
terface and returned to the freezer for recharge (refreezing, 
^7* The problem to be solved revolves around demonstrating 

system can, in fact, be configured in a manner that lo- 
cates the liquid portion of the "frozen" slurry in the required 
location. Specifically, there must be liquid slurry in the pump, 
interconnecting lines, and LCG heat exchanger quick disconnects 

al „ J5 tlmes to a ll°w slurry circulation when the slurry has 
been "frozen". * 

The configuration selected by Hamilton Standard, shown in Figure 
3, incorporates a main slurry tank and an expansion chamber in- 
terconnected by a check valve. During normal operation, the 
slurry flows from the main slurry tank, through the pump inlet 

£ hr ° ugh J: he P^Pf out the outlet quick disconnect, through 
the LCG heat exchanger, m the inlet quick disconnect, through the 
expansion chamber, and through the check valve back to the main 

m this manner, the slurry stream removes heat from 
the LCG heat exchanger and absorbs it within the slurry, thereby 
™®^ ing the slurr Y and redissolving the KHF 2 in the H 2 0 solvent. 
(KHF 2 has a negative heat of solution with H 2 0, thereby, heat is 
absorbed during mixing.) 

Recharge is accomplished by disconnecting the LCG heat exchanger 
from the system at the quick disconnects and connecting the ex- 
pansion circulation tube to these quick disconnects as shown in 
Figure 3. The system with the expansion circulation tube attach- 
ed is placed in a -15°C (5°F) freezer for chilling. The system 
insulation during recharge is arranged to allow easy heat trans- 
fer chrough the main slurry tank and to resist heat flow through 
the expansion circulation tube, the quick disconnects, and the 
expansion chamber. With this configuration, the slurry in the 
mam slurry tank will cool more rapidly than the fluid in the 
insulated area and, hence, will start to freeze first. As the 
slurry m the main slurry tank freezes at external surfaces, it 
expands, forcing liquid slurry from the unfrozen center through 
the insulated expansion circulation tube and into the expansion 
chamber. The check valve prevents flow directly from the main 
slurry tank to the expansion chamber. As the slurry starts to 
freeze, the H 2 0 becomes ice and the KHF 2 precipitates. The etha- 
nol separates from the freezing mass and remains liquid, thereby 
increasing the ethanol content of the unfrozen portion until the 
concentration point where the slurry will not freeze is reached. 
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All this time, the liquid slurry with increasing ethanol content 
is being forced through the expansion circulation tube by the ex- 
pansion of the freezing slurry in the main slurry tank. A small 
externally powered electric heater supplies heat to the expansion 
circulation tube to prevent it from freezing before the ethanol 
content has reached sufficient concentration to inhibit freezing. 
At the point where the entire system is chilled to -15 °C (5°F) , 
the liquid slurry is strategically located in the pump, quick 
disconnects, expansion circulation tube, and other central areas 
where it allows a flow path when the pump is energized. The sys- 
tem is made ready for use by buttoning up the insulation around 
the main slurry tank, removing the expansion circulation tube and 
electrical connector, and connecting the unit to the LCG heat 
exchanger . 

A system simulator module was constructed, as shown in Figure 4, 
with thermocouples located as shown. Figure 5 shows the module 
with the LCG heat exchanger simulator attached to the multipoint 
recorder, and Figure 6 shows the module in the -15 °C (5°F) freezer. 

Thermal insulation was applied to the expansion chamber, the 
motor and magnetic drive, and the expansion circulation tube. A 
section of heater tape was wrapped along the expansion circula- 
tion tube because the resistance paths of the simulator were not 
representative of the thermal paths that will be encountered in 
the actual system design. Specifically, the plexiglass wall used 
in the main slurry tank for visibility presents a significantly 
greater thermal resistance than a metal wall. Conversely, the 
relatively bulky configuration of the expansion circulation tube 
and quick disconnects on the module present a significantly lower 
thermal resistance compared to the anticipated well insulated ex- 
pansion circulation tube design. The intent was to use the 10 
watt heater intermittently to keep the expansion circulation tube 
temperature from falling faster than the main slurry tank temper- 
ature and prevent the tube from freezing prematurely. It is esti- 
mated that less than 1 W will be required for the actual Fusible 
Heat Sink configuration. No heat was applied after the system 
reached -5°C (23 °F) which is slightly above the freezing point of 
the slurry per Figure 2. The actual system is designed, and the 
math model thermally verifies that the 1 W is sufficient to insure 
that the expansion compensation tube temperatures does not cool 
more rapidly than the main slurry tank. 
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FIGURE 6: FREEZER INSTALLATION 
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The system simulator module with the expansion circulation tube 
installed was inserted in the freezer as shown in Figure 6. A 
circulating fan in the freezer was used to insure uniform temper- 
ature throughout the freezer. The multipoint recorder was start- 
ed, and the temperatures of the fourteen thermocouples located 
per Figure 4 were recorded. As expected, the temperatures at the 
expansion circulation tubes (T.C. 9, 10, 13, 14) fell more rapid- 
ly than the temperatures in the main slurry tank. The 10 watt 
heater tape surrounding the expansion circulation tube was ener- 
gized for 10 minutes per hour for a period of six hours at which 
time the entire simulator had reached the -5°C (23°F) point where 
the freezing process starts. From this point on, no heat was 
applied to the expansion circulation tube. An additional sixteen 
hours of freezing was applied at which time the simulator had 
stabilized at approximately -15°C (5°F) . The multipoint recorder 
was turned off and the simulator removed from the freezer for 
examination. After removal of the insulation, visual examination 
of the simulator (frost had to be wiped off every minute or so) 
showed that the liquid portion of the slurry had indeed been push- 
ed from the main slurry tank through the expansion circulation 
tube, and into the expansion chamber. The expansion compensation 
accumulator showed significant compression. As best as could be 
determined visually, liquid slurry was located in the pump area, 
expansion circulation tube area, and check valve area. Addition- 
al proof of the satisfactory operation of the expansion circula- 
tion tube was evident in that the main slurry tank was intact; 
any trapped volume of slurry would have fractured the container. 
Cold start of the pump/motor was attempted unsuccessfully. This 
was taken as a motor seize-up because mere stalling of the pump 
causes the magnetic drive to slip. The motor had been soaked 
with slurry during simulator loading operation. The pump/motor 
was disassembled and inspected. Excessive torque was required to 
rotate the pump shaft. Pump disassembly showed a sludge had be- 
come imbedded in the shaft bearings. The cold start problem will 
be examined further during the follow-on program. 

A^ analysis of the portion of the 10% ethanol slurry remaining 
liquid after being cooled to -15°C (5°F) shows the breakdown to 
be 21.5% vol • ethanol and 78.5% vol. KHF 2 /H 2 O with a KHF 2 concen- 
tration of approximately 8g per lOOg H 2 O. This compares to an 
original composition of 10% vol. ethanol and 90 vol. KHF 2 /H 2 O 
with a KHF 2 concentration of 30g per lOOg H 2 O. Thus, the orig- 
inal assumption that the KHF 2 /H 2 O solution fractionally freezes 
out of the total solution, leaving a concentrated ethanol liquid 
was verified. 
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CONCLUSIONS 

Ot the .lurry u the required po.ilionS in the ay.tei lrap. 

rWhee a f fc uu nC i USiQn is farther verified by the Math Model dee- 
cribed in the Performance Analysis Section in which the 
characteristics of normal operation and recharge for the 
configuration are analyzed and established? 


h 
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PRELIMINARY DES IGN 


A ccnceot for a preliminary design of a heat sink system utiliz- 
ing a potassium bifluonde/water/ethanol phase change material 
has been generated. The following pages describe the selected 
system. and present justification for the system and component 


SPECIFICATION/ FUSIBLE HEAT SINK SYSTEM 
Non-venting, non-umbilical. 


Separable from the primary LSS with the only scar beinq the 

^? k lf 1SCOI ? nects - The liquid/liquid heat exchanger r La ins 
with the primary LSS. 


Self-contained with its own power source, pump, and accumulator. 
2,110 kJ (2,000 Btu) capacity. 

10 C (50 °F) LCG cooling loop temperature capability. 

Fusible mode only, i.e., no evaporation at any time. 


Control of heat rejection will be accomplished by varying flow 

lCG loop with 


Heat sink to be replaceable in vacuum by one man if additional 
capacity is required to extend duration. 


Heat Rejection Rates 

Minimum - 117 J/s (400 Btu/hr) 
Average - 440 J/s (1,500 Btu/hr) 
Maximum - 586 J/s (2,000 Btu/hr) 


Duty Cycle 

One regeneration/usage per 24 hours 
System capability goal 100 regenerations 


Vehicle Interfaces 

Freezing/storage provisions - as required by system 
Power penalties - not available 
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RECOMMENDED SYSTEM 

Figure 3 shows the schematic relationship of the components in 
the reco..mended Fusible Heat Sink System. _ Normal operation and 
recharge of this system was briefly described inthe previou 
section. Components of the system are immersed in the slurry 
tank to maximize packing density and, hence, minimize the to 
package volume. A partition separates the mam slurry tank con 
taining the pump/motor from the remainder of the tank containing 
the battery and the expansion compensation accumulator. Volume 
changes of the liquid caused by melting ice is compensated for 
by the air filled rubber bladder accumulator in this section. 

A check valve is located in the partition to allow flow from the 
accumulator section into the main section while preventing re 
verse flow during recharge. Flow from the check valve is direct- 
ed through a tube that distributes the return flow uniformly 
through the slurry tank, thus preventing channeling. The pump 
outlet is delivered through a zero spill, self-sealing, quick 
disconnect to the LCG heat exchanger located in the LCG transport 
loop. After cooling the LCG transport loop, the fluid returns to 
the accumulator section of the slurry tank through a second 
connect. The fluid then flows through the check valve and dis- 
tribution tube into the pump section of the slurry tank and 
through a screen into the pump inlet. The screen prevents large 
chunks of ice that could stall the pump from entering the pump 
inlet. Figure 7 shows the packaging arrangement of the system. 

After all the ice has melted, the unit must be recharged for re- 
use. A portion of the insulation blanket that covers the unit 
during use is removed from the slurry tank walls to speed the 
freeze up process. The insulation that remains covers the top of 
the tank, the side of the tank in the accumulator area, and a 
portion of the side of the tank where the pump is closest to trie 
wall. This selective insulation technique guarantees the proper 
rate of heat transfer with the result that the center of the 
slurry tank in the area of the pump inlet is the last to freeze, 
assuring a high ethanol content there at the completion of the 
freeze up cycle. A special electrically heated section _ of insu- 
lated pipe containing mating halves of the disconnects is con- 
nected to the unit to act as an expansion circulation tube. 

Refer to Figure 3. It is necessary to heat this tube during the 
freeze up cycle due to the low thermal mass of the fluid contain- 
ed in the tube. External power of less than 1 watt will be used 
by the heater. The unit is then placed in a freezer and cooled 
to -i5°c (5 °F) . As tne fluid cools, ice crystals- will form in 
the main slurry tank increasing the volume of the mixture. 
the check valve prevents reverse flow from the lain section o_ th 
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slurry tank through the partition to the accumulator section, 
liquid' x s forced through the screen, pump, disconnects, and the 
expansion circulation tube to reach the accumulator section where 
the volume increase can be accommodated. This process has the 
effect of assuring that ethanol which is concentrated in the 
center of the tank as the slurry freezes is present in the pump 
and disconnects at the completion of the freeze up cycle, thus 
assuring their proper operation when the expansion circulation 
tube is removed and the unit is put in service. Concentration of 
ethanol also occurs in the check valve due to the progressive 
freeze up of the fluid in the distribution tube with the check 
valve located in the last to freeze area. 

The battery is charged concurrently with the freeze up operation 
using pins of the same connector that delivers battery power to 
the pump/motor during unit operation. This connector, as well as 
an on-off switch and battery pressure relief valve, are located 
in a recess at the top of the unit and are accessible through a 
flap m the insulation cover. 


Once the unit is frozen and is ready to be used, mechanical at- 
tachment to the suit is achieved by utilizing the two quick dis- 
connects as two points of a 3-point mounting system? the third 
point being a ball lock pin. Removal of the ball lock pin allows 
actuation of a disconnect release lever. The pin and the lever 
are both located in the recess on the top of the unit. When the 
lever is pulled, two separate rods attached to the lever operate 
cams at each disconnect that depress the ball retaining sleeve of 
the disconnect allowing separation of the mated halves of the 
disconnect. During installation, the lever need not be actuated 
since a push on the unit will connect the disconnects. Inserting 
the ball lock pin completes the installation and prevents acci- 
dental release of the disconnects. 


The recommended system excluding the LCG heat exchanger is 30.5 
cm (12 in) high, 26.7 cm (10.5 in) wide, and 14.0 cm (5.5 in) 

fu eP u?!! e Flgure 7 > and weighs 10.52 kg (23.19 lb) wet. During 
the battery charging period of 10 hours, 2.8 watts of power will 
be required for the battery. One watt will be required for the 
tube heater during the 24 hour freeze up period. 


The recommended LCG heat exchanger is 3.6 cm (1.4 in) deep, 17.8 
cm (7.0 in) long, and 16.0 cm (6.3 in) wide with a 17.8 cm (7.0 
m) x 12.2 cm (4.8 in) x 0.76 cm (0.3 in) basic core. The heat 
exchanger weighs 1.56 kg (3.45 lb) wet. 


A detailed weight summary is included at the end of this section. 
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SYSTEM SELECTION JUSTIFICATION 

The components required for the basic system are: 

Pump - to circulate the fluid 
Motor - to drive the pump 

Source of Electrical Power - to drive the motor 
Tank - to hold the slurry 

Volume Compensation Drive - to allow expansion and contrac- 
tion of the fluid 

Heat Exchanger - to cool the LCG heat transport loop water 
Disconnects - to allow separation of all but the heat ex- 
changer from the LCG for recharging of the unit 

Many factors were considered during the system selection process 
resulting in refinements to the basic system to assure that the 
final configuration successfully met all the system operation re- 
quirements in the smallest, lightest, most adaptable package. A 
brief discussion of these system considerations follows. 


System Design Considerations 

The primary consideration in the design of the system was to pre- 
vent freezing of the components in the system during the freeze 
up period thereby assuring proper operation during subsequent use. 
The two components of primary concern, regardless of configura- 
tion, are the pump and the quick disconnects. These components 
have moving parts that could jam and fail to operate properly if 
they were allowed to ingest large ice chunks, or if fluid in them 
froze solid during freeze up. Locating the pump inlet at the 
center of the slush tank assures a concentration of alcohol pre- 
sent at the inlet when the unit is turned on, but chunks of slush 
might still be ingested. For this reason, a screen is included 
at the pump inlet to filter out any ice particles that could 
lodge in the pump or any small passage downstream. The screen 
also tends to distribute the flow of fluid to the pump inlet over 
a large area, thereby preventing channeling that would reduce the 
efficiency of the unit. 

The disconnects are, by necessity, located at the face of the 
unit and could not be located in the 11 last to freeze" area to 
assure ice would not jam their internal parts. An electrical 
heating element was considered as a thaw out device but would 
have the undesirable effect of imposing additional battery 
weight on the system. 

An alternate scheme was devised and finally incorporated in the 
recommended configuration that utilizes a baffle in the slush 
tank between the main slurry tank containing the pump inlet and 
the accumulator. During normal operation, return fluid enters 
the accumulator side of the baffle and then flows through a check 
valve in the baffle to the main slurry tank. During freeze up, 
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the check valve prevents liquid flow from entering the accumula- 
tor section to relieve volume expansion from ice formation. In- 
stead, the fluid is forced to flow through the pump and through 
the disconnects which are interconnected by a thermally insulated 
and heated "expansion circulation tube" into the accumulator sec- 
tion of the slurry tank. This technique results in liquid of 
high ethanol concentration being present in both connectors and 
in the pump at the end of the refreeze cycle, thus assuring their 
proper operation in use. 

Consideration was given to the use of power from the battery on 
the primary LSS as an alternative to the selected self-contained 
battery configuration. The average mission life of the Fusible 
Heat Sink is one hour and the primary LSS can be used for seven 
hours without recharging. It is advantageous to replace the Fus- 
ible Heat Sink battery simultaneously with the slurry tank every 
hour of the EVA rather than carry one big battery capable of 
supporting the primary LSS and seven Fusible Heat Sink units. 


Configuration Considerations 

Shape: The structural limitations on overall unit shape are min- 

imum since the pressure buildup in the unit is limited by the ac- 
cumulator. The chosen shape fits snugly against the chest or 
thigh and allows use of wall thicknesses that are easy to manu- 
facture and will resist handling damage. It is impractical to 
manufacture and attach components to the minimum wall thickness 
a cylindrical shape would allow. In addition, the cylindrical 
shape is awkward for attaching to the suit since, for a given 
length, it extends further from the suit than the chosen shape. 

Mounting: A mounting configuration utilizing separate mounting 

feet with alternate attachment means was rejected in favor of 
utilizing the inherent mechanical retention of the disconnects 
with a single ball lock pin providing the third mounting point. 
Since the ball lock pin also secures the disconnect actuation 
mechanism, the mounting points are thus obtained with no addi- 
tional weight penalty. 

Component Location: The battery /accumulator and the pump/motor 

are packaged within the slush tank to minimize the total unit 
volume by allowing the fluid to conform to and make use of the 
irregular shapes of these components. External battery and ex- 
ternal pump/mo tor/battery configurations were considered but 
resulted in larger overall dimensions. 

Corrosion: Materials estimated to provide adequate corrosion 

resistance to the slurry are utilized in all applications where 
slurry contact is possible. Effort is currently being expended 
under Contract ITAS 2-8665 to experimentally verify suitable 
materials for slurry exposure. 
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COMPONENT SELECTION 

Each component of the Fusible Heat Sink has been evaluate 
determine which characteristics are critical and which n-p 

component best meets these requirements. With the exception of 
the brush type DC motor utilized for feasibility and funot?L^ 
system hardware, all components are suitable for flight hardware. 


Slurry Tank 

mist^onSiffl^kg^g^n 9 !^ T P ? nSnt of the s y stem since ^ 
0.00377 m3 (230 i n 3? The slurrv tanl F r ^ solut J on which occupies 

or f ? e , sfutry tank to minimize weight, the computer heat 
? ffor ? indicated that the lower conductivity of stain- 

stainle^ r U ^ imP ^ Ve thS frS6Ze up mode - Additionally^ 

P r ° vldes satisfactory anti-corrosion properties 
S ^- galnad during the fusible materials investigation oor- 
tionof this program has indicated that simultaneous existence of 
aluminum and stainless steel in combination with the s Wy pro? 

s . 1 an insoluble precipitate and causes selective chemical P a t- 
^ i 2? th ? a l“um. Perhaps coatings can be developed to oro- 

nfo+Li 1110 ?f ta P lnun W bu t the more conservative approaches to com- 
pletely eliminate aluminum from the system. 

tank^ater^l? 0113 ' Stainless steel has been selected as the slurry 


Expansion Compensation (Accumulator ) 

?f volume expansion devices were considered for the 
? f lilting the pressure increase due to expansion/contrac- 
tion m the system. They are as follows: closed clll foam rub- 

d ^' h ® prlng 1 ° ad< r d metal bellows, spring loaded rolling rubber 
diaphragm, and air filled rubber bladder. The prepare H 
the slush tank to be allowed by the device is 6.9 x 10 4 Pa (10 
psi) over the initial atmospheric pressure in the tank The min 

so?ute r (8 S n=? ^V hS tank mUSt n0t drop below “5 x 104 Pa ab- 
closed iell fnL preve «t vaporization of the ethanol. The 

cel1 foam approach has several advantages? it is resistant 

there irAo^ank" ^ molded .^ 0 an y sha P e ' and at room temperature 
age of the flAid P differential, minimizing long term leak- 

foam E Howev er , the spring rate of the closed cell 

s higher than an air filled bladder, requiring a larger 
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accumulator to accommodate the same fluid volume increase for a 
given pressure rise. The spring loaded metal bellows configura 
tion has a high spring rate and exerts a constant 6.9 x 10 Pa 
(10 psi) pressure on the system during room temperature storage 
leading to potential leakage. In addition, ice crystals thatb 
come lodged in the convolutions of the bellows will cause a sig- 
nificant increase in bellows spring rate that could cause a sys- 
tem overpressure or premature bellows failure. The spring loaded 
rolUng diaphragm has a lower spring rate and is less sensitive 
to ice crystals than the metal bellows technique . but j.s still big 
and heavy when compared to the air bladder technique. 

The chosen expansion compensation device is the air r ^ bber 

bladder which is the lightest and lowest vol^e approach to the 
expansion problem. It has been configured to allow the battery 
to P be installed within the bladder, thereby optimizing the volume 
utilization, insulating the battery from the cold slurry, and 
preventing leakage of corrosive slurry into the battery case. 

The bladder contains 820 cm3 (50 in-*) of air at atmospheric P^es 
sure that acts as a spring and limits the pressure rise due to 
328 cm 3 (20 in 3 ) of ice expansion to 6.9 x 10 4 Pa (10 psi) . Dur ~ 
ing room temperature storage, the bladder pressure is equal to 
atmospheric pressure so no air loss will occur. In operation, 
the 1.01 x 105 Pa absolute (14.7 psia) charge can drop to approx- 
imately 5.5 x 10 4 Pa absolute (8 psia) due to internal leakage 
before any performance degradation will occur. The nature of t 
bladder is such that there is never a significant pressure dif- 
ferential between the fluid and the air so that leakage of air 
into liquid or liquid into air is not likely. 


Battery 

The battery chosen for the unit is made up of s ^^ inc 

battery cells of the same type used on the Apollo PLSS and are 
the obvious selection over other types of cells because of their 
high power densities (see Table I) and their flight proven reli- 
ability. The battery characteristics evaluated for this unit 
were shape, construction, location, cell arrangement, and other 
salient features. 

The individual cells had to be chosen for the proper current ca- 
pacity and connected in the proper number and order to produce 
power compatible with the demand of the pump/motor. Eighteen 
cells of type HR-1 in series produce 27 volts, allow a one ampere 
current drain, and provide a 1.75 ampere hour capacity as re- 
quired in the selected arrangmenet. Several external battery 
locations were investigated in an attempt to thermally isolate 
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TABLE I 

POWER DENSITIES 


Battery Type 
Silver-Zinc 

Ni c ke 1 - c admi um 

Lead-Acid 

Nickel-Iron 


Watt-hours/kg 

( Watt-hours/lb ) 

84.0 
(38) 

28.4 

(12.9) 

22.0 
( 10 . 0 ) 

20.0 

(9) 


Watt-hours/cm 3 
( Watt-hours/in3 ) 

0.128 

( 2 . 1 ) 

0.085 

(1.4) 

0.073 

( 1 . 2 ) 

0.024 

(.4) 
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the batterv from the cold slurry to allow optimum battery opera- 
tion temperature, but these locations tended to use volume inef- 
ficiently. Therefore, since an air bladder type accumulator had 
been chosen, it became apparent that within this air volume would 
be an excellent battery location because the air 
i cnl at ion and allows efficient use of volume. In addition , tne 
battery within the accumulator configuration increa ? ed 1 ^ v ^°^ r 
ulato/ diameter requirements to the point whereasingiecylinde 
simultaneously serves as part of the slurry tank outer wall, the 
interior baffle, and as an effective accumulator container. A 
recess at the top of this cylinder offered an excelientprotected 
location for the battery relief valve, power switch, and electn 

cal connector. 

The electrical connector serves the dual purpose of connecting 
the pump/motor lead wire to the battery and power switch, as well 
as providing recharge connection points. This technique elimin 
ates the necessity of dual connectors or of wiring the bautery 
and motor together permanently. During battery charging, e. 
mStor is disconnected, and reconnected once the charge cycle is 
completed. 

The selected switch is a hermetically sealed microswitch unit. 

?he hlmetic leal configuration was chosen to prevent ^ch arc- 
ing from 8 igniting any glses vented from the battery cells. To 
prevent overpressure of the battery case due to these vented 
gases, a relief valve similar to that used on the Apollo PLSS 
battery is included to vent the gases to ambient. 

To minimize battery weight and corrosion, the battery case is 
made CfwClded thin wall stainless steel. The case is configured 
to provide the accumulator end plates and to accept a cylindrica! 
rubber bladder shell bonded and clamped m place. A sealed plug 
in the bottom end plate allows introduction of dry air into the 
space between the battery and the bladder. 


Pump /Mo tor 

Pour types of pumps were considered for the fluid transport re- 
quirement of the unit: piston, “ntr^fugai, P^iata^xc, and 

gear. The piston pump has the potential problem of check valve 
hang-up on ice particles preventing pressure buildup in t 
pump. The centrifugal pump being a high speed, low torque type 
of^pump has a simillr potential problem of the rotor ]»ng n 
a small ice particle, thus stalling the pump. The peristaltic 
pump has the advantage of isolating the f luid from the^ moving 
parts of the pump and motor, thereby eliminating the need ior a 
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c °upling or dynamic seals. However, to provide adequate 
tube life, the unit must be run at very slow speeds necessita-Hnrr 
e use of a motor/gearbox combination and resulting in a larere* ^ 
pump size . in addition, the frictional losses in flexing the* 

larger U battery 1 and' L motor? r ° VeraU PUmping efficienc V requiring a 


W Was finall y selected since it is inherently a 

cottar Pressures to unplug an area that might be- 


i^desirabl^ P ^- iS u° b * utilized, a brushless DC type motor 
: Various brushless type DC motors have been used 

° r ®P a ° e flight programs, but none are available as low cosi- 
standard items. Therefore, to minimize cost, a brush type motor 

svstpm b Ze a t0 driVe the pum ? for the feasibility and to£cttona£ 

Sfused To a privenrifak ght h ?*?** e ' * brushls - °C motor Sd 

use of a dvnamto g ® °f. slurr y into the motor without the 

use or a dynamic seal, a magnetic couplinq will be ~ 

avoi^a^tall tvn* al *°” the motor to continue running and h 
avoid a stall type burnout if the pump should jam. 


The motor/coupling/pump combination selected for this desion 
ed'to^V co “cially available Globe motor magnetocSly^oupl- 
bo a Micropump The pump will be tailored to provide the p?e- 
K l0W requ ^- red and Wl11 have the internal flow pressure con- 

rtolaced a w?to alVe re “- The motor/coupling housing wiU be 
replaced with separate concentric motor and pump supports 

mount the pump and motor to the slurry t^k. ^he pump support 

hou^ina S t^rfb al thS "2? ° f the slu -Y tank and to U seal U ?^ r pump 
coupling ar== ^ liquid from entering the motor and 

coupling area. The materials utilized in the Micropuma are P =i-i 
mated to be suitable for slurry exposure. . mcro P um P are estl " 


Quick Disconnects 


disconnects have severe requirements in that they must 
without e imneHi n9 Potentially containing small ice chips 

f L ? P ^ d ” g f * uld flow ' yet Inust seal tight and not spill 
mercialL d “ ring separation and reconnection. A com- 


The selected disconnects have sufficient strength to act as 

allows" 9 P ° lnts /? r the Package, and their ease of operation 
allows easy installation and removal. y 


J 
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Check Valve 


A Circle Seal check valve has been selected for the system. The 
unit selected is commercially available and has the necessary low 
cracking pressure and low operational pressure drop. Sensitivity 
to ice inclusion is not critical in this component since at start 
up, ethanol and warm fluid from the LCG heat exchanger will pass 
through the unit. The pump inlet screen limits ice particle size 
during operation. Reverse sealing is necessary only when the 
fluid is at room temperature at the start of the refreeze cycle. 


Expansion Circulation Tube 


The expansion circulation tube is configured to accept the mating 
halves of the quick disconnects that connect to the slurry tank 
disconnects during freeze up operations. A resistance heating 
element imbedded in silicone rubber is bonded to the stainless 
steel tube to supply one watt of heating to prevent freezing. 

The connector for the heater is mounted to the tube on a bracket 
that extends through rigid insulation which completely encloses 
the tube. The insulation is shaped to allow a firm handhold 
during installation and removal. 


Insulation 


There are two types of thermal insulation used on the Fusible 
Heat Sink package: rigid closed cell foam and multilayer alumin- 

ized mylar with Beta Cloth fiberglass separators and covers. The 
rigid foam, covered with aluminum foil tape to meet fire and out- 
gassing criteria, is selected for use on those portions of the 
slurry tank that will remain insulated during the freeze up cycle; 
namely, the wall of the tank in the accumulator area and the por- 
tion of the tank wall closest to the pump. It is also used on 
the expansion circulation tube as previously mentioned. In these 
applications, it is molded to shape and bonded in place. 

The flexible multilayer insulation is fabricated into a two piece 
cover similar to those used on the Apollo PLSS and OPS. Each 
piece of the cover will be made up of multiple layers of alumin- 
ized mylar and separators enclosed in a Beta Cloth cover and sewn 
together . . The Beta Cloth cover is extended to cover those por- 
tions of rigid insulation that are attached to the slurry tank, 
thereby . providing a uniform exterior appearance and minimizing 
convection leaks . The two parts of the cover include a removable 
piece that covers the sides and bottom of the slurry tanks and a 
fixed piece that is attached to the top of the unit to provide 
motor and battery insulation during freeze up operation while 
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the battery C by S means^of e a e mn ri H?^ connection and switch on top of 

and pile are used to attach the fl5v*hi ? nap if and vel cro hooks 
tankT attach the flexible insulation to the slurry 


axcnanaer 

tcTalFthe temperate ■ d ® signed to be compatible 
A unit si 2 ed ?or the o=of r ^ teri f tlcs shown in figure 8. 

cycle plus high load) must atan JSnSh* 1 COI ? d:Ltion ( end of melt 
up at all other operatina unction with no permanent freeze 

tance required for the=;p^Loc * . Acb ^ a **- beat exchanger conduc- 
unit configured for Case S?" 8 by a factor of seve « ~ a 

buildup , ^adde^th^ 6 ^^^ if V the t ioe S layer^as^it° r 

duce the initial conductance^rdeli^rieveir^^L^r 01 t0 rS " 

cm (1 in) or areals Cknes ? es re< * uire<i are on the order of 2754 

block the passages of admail* 2 volum ^ uffi ? ient to completely 

The unit design 9 must there&J ' 1;L ? bt weight heat exchanger. 

m . ^{.*sss^^*^*sa , 1 s >s; _ 

c,iou“SL, l 2; - 1 *« 

able t sincl n it h has U Jhe C ?ef^ U ^ ati0n ±S inherent ly the most reli- 
ef each ?ubef. it has one se^o 6 °5 ^ , length (onl y the «**> 

An assembly was sLed to meet th^the^? ' h ? wever ' freez e up. 
consisting of a 0 318 ™ ? h f™ al requirements of Case VI 

in) tube. 9 ?he core weiaht for tuba . witai ? a 0.846 cm (0.333 

(0.46 lb) . lgbt for this configuration is 0.22 kg 

r V rr h nrf selecbed a maximum value of 6,880 p a (1 0 osi) for ^ 

*’ISS , 1 » 4 3J?X'S. I S ■* i v v Si£ t“™r- 

achieved pressure drop of 1 307 p= f S\g^ e M° n ?f gU F ation ' an 
with one 1.47 m (4.82ft) * J? psi) be experienced 

within the design reauirL^ g \ tUbing : value is well 

with the inlet tube configuration^^? ? P ^ a , s ® vere Problem 

pluggage of the passage il predicted an W th» ™ f' S ' complete 
impossible. Thus thi* iC r. ' a . thaw out is virtually 

requirements. ' hlS conf Ration will not satisfy the system 
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utilizing th. .tmdnra oraeaot Me and 

is contained within a 7.62 cm u • . 111 ' w * _ n1 __ . h . number 

SSSSd “.flow'syi ‘SSrSSSely 20 tubes) i. still open 

ments, does not appear feasible for a txeaze x.nau lb s 

The core weight for this conf igaration xs 0.281 kg (0.63 lb). 
Pressure drop is less than 700 Pa (0.1 psi) . 

a Dlat- fin heat exchanger configured to meet the _ fu.^ble heat 

£ £ srK'JS as ssss 

«e SSft“™4t Sf S 9 r”S t«mit.«»nt. of cas. VI Wigur. 

If wflhin the bvoass circuit, only the minimum fin density _ com- 
patible to core structural requirements is employed to minimize 
heat transfer area. The same criteria will be applied to th 
fusible sink flow. 

At maxim um load conditions, the majority of the LCG flow is dir- 

core Seizes under this condition, but that portion of the core 
nd-iacent to the bypass remains warm and open to flow. As th 
SSf Sd L“L,X, £1«» through th. .y.t. » i. 

core, and a thaw out process is initiated. Because all portions 
o-f fhp LCG circuit are adjacent to the warm fluid, the thaw 

“SiS pigrS. that portion of th. a..«hly r.- 

quired for heat transfer is available. 

The heat exchanger incorporates several features t^impro^e over- 
• ±.y. 4 -T-,p EVA suit and seals to the suit pressure bla ' 
need penetrate the suit pressure bladder. 
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WEIGHT SUMMARY 

The weight of every item in the Fusible Heat Sink System has been 
calculated, measured, or estimated in order to provide as accu- 
rate a weight as possible for evaluation of the proposed design 
concept* As the sample calculations show, each item is broken 
down into elemental form for an accurate volume calculation and 
then multipled by the material density to establish a weight. 

The calculated weight of all items is then totaled, A five per- 
cent margin for manufacturing tolerances is then added to account 
for an approximate two sigma spread on stock thicknesses. This 
five percent margin has proven accurate in previous calculated 
item weights* Normally at the concept level of definition of an 
item, an additional 5 or 10% growth margin would be added to ac- 
count for possible additions necessary in defining the final lay- 
out design weight. However, in the case of the Fusible Heat Sink 
System concept, the proposed design has been exercised to the 
point where no additional margin is necessary to predict the 
weight of the hardware that can be manufactured to this design. 
This does not preclude the possibility of weight changes to the 
design, either increases or decreases, that are deemed necessary 
or desirable after actual hardware testing has been accomplished. 

Table II shows a summary of all calculated weights and a total 
representative of the final design weight of the Fusible Heat 
Sink. The weights of the Heat Sink, the heat exchanger, and the 
expansion circulation tube are shown separately since different 
numbers of each will be carried on board a Shuttle flight. For 
instance, there will be only as many heat exchangers as there are 
suits on board. There will be only as many expansion circulation 
tubes on board as there are Heat Sink spaces in the freezer chest 
since the tubes are interchangeable between units. Finally, there 
will be as many Heat Sinks on board as proposed EVA missions re- 
quire; namely, one Heat Sink per 1.33 EVA man-hours expected to 
be required in any 30 hour period (24 hour freeze up time plus 6 
hours contingency for handling units) . Thus, the total flight 
weight of the Fusible Heat Sink depends on the discretion of the 
mission planners. 

All weights have been calculated in pounds and converted to kg 
for international units. 
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TABLE II 

CALCULATED WEIGHT SUMMARY 


Fusible Heat Sink 


Slurry Tank 

Battery and Accumulator 
Pump/Motor and Accessories 
Check Valve 
Disconnect Halves 
Disconnect Latch Release 
Thermal Insulation 
Heat Sink Fluid 

TOTAL HEAT SINK WEIGHT 

LCG Heat Exchanger 

Core 

Headers 

Disconnect Halves 
Fluids 

TOTAL HEAT EXCHANGER WEIGHT 

Expansion Circulation Tube 

Tube Assembly and Disconnect Halves 

Heater and Connector 

Insulation 

Fluid 

TOTAL EXPANSION CIRCULATION TUBE WEIGHT 


k£ 

(lbs) 

2.37 

(5.22) 

1.93 

(4.25) 

1.17 

(2.58) 

0.09 

(0.2) 

0.17 

(0.38) 

0.38 

(0.84) 

0.24 

(0.52) 

4.17 

(9.20) 

10.52 

(23.19) 


0.46 

(1.02) 

0.20 

(0.45) 

0.04 

(0.09) 

0.86 

(1.89) 

1.56 

(3.45) 


0.10 

(0.22) 

0.04 

(0.08) 

0.05 

(0.1X) 

0.17 

(0.37) 


0.36 (0.78) 
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SAMPLE WEIGHT CALCULATIONS - PUMP/MOTOR 


Pump and Motor from Mireopump 

weight = 720 gms x 0.00205 lb/gm 
Less Coupling Enclosure 
67.7 gms x 0.00205 lb/gm 
Plus Screen 

[( Jr x 1.8 x 2.3 + rr x 1.82^4) (20 + 20) x 77 x 
0.012/4 + 77 x 1.9 x 0.04 x 0.5] x 0.3 

Plus Disconnect Adaptor 

77 (1.65 x 0.5 x 0.18 + 1.2 x 0.08 x 1.0 + 0.8 x 
0.4 x 0.13 + 0.5 x 0.1 x 0.5 + 0.25 x 0.1 x 0.4) 

x" 0 . 3 

Plus Pump Support 

77 (2.0 x 4.0 x 0.1 + 3.3 x 0.4 x 0.15 + 3.0 x 1.0 
x 0.1) x 0.08 

Plus Motor Support 

77 (1.3 x 0.6 x 0.1 + 1.8 x 0.1 x 2.2 + 3.0 x 0.1 
x 0.1) x 0.08 

Plus Metal Rings 

77 (1.4 x 0.4 x 0.05 + 1.2 x 0.4 x 0 .05 x 3.7 x 
x 0.5 x 0.05) x 0.3 

Total Calculated Weight 

Plus 5% for tolerance 

Estimated Pump/Motor Weight at Concept Level 


« + 1.587 


= - 0.139 


= + 0.050 


® + 0.303 


= + 0.326 


« + 0.194 

= + 0.136 

2.457 
+ .123 


2.580 lb 
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PERFORMANCE ANALYSIS 


A math model of the Fusible Heat Sink has been constructed and 
utilized in support of the preliminary design effort described in 
the previous section. Specific objectives of the analysis were 
aimed at describing the sink cool down and thaw out processes to 
ensure proper functioning during these critical periods. 


RECHARGE MODE OPERATION 

A study was undertaken to (1) determine the temperature history 
of the Fusible Heat Sink as it cools to a completely frozen or 
slurry condition while being refrigerated, and (2) to determine 
the LCG heat exchanger inlet temperature while fluid is being 
circulated between the heat exchanger and the Fusible Heat Sink 
with the LCG heat exchanger absorbing metabolic load. 

During cool down and freeze, the Fusible Heat Sink exhibits a net 
increase in volume accounted for in the design by an expansion 
compensation device. Expansion in the main reservoir is relieved 
as fluid or slurry passes through the pump to the expansion cir- 
culation tube which discharges into the accumulator. Two factors 
are utilized to ensure that this flow path remains open during 
cool down: 

- As water is frozen out of solution, the remaining liquid is 
enriched in ethanol, thus lowering the freezing point. 
Therefore, the fluid flowing through the tube is also con- 
tinually increasing in alcohol content. 

- The system design should be such that the flow area tempera- 
tures should remain above -14.3°C (6.2°F) until regeneration 
is complete. 

A simplication of this process has been used as the criteria for 
the math model. Our aim has been to ensure that the expansion 
system remains warmer than the heat sink reservoir during the 
entire cool down period. The initial cases run with the thermal 
model indicated that this was not happening. To explain this, it 
is necessary to understand that the time for a part to cool is 
related to its thermal mass and its conductance to the driving 
temperature (the heat sink). The property of a part that defines 
the time for a part to change temperature is called the time con- 
stant which aS defined as mcp/2G? where mcp is the thermal mass 
of the part, and 2G is the sum of the conductances to adjacent 
parts. The larger the time constant, the longer it takes for a 
part to reach equilibrium. Because of the large latent energy 
associated with the heat sink, the effective thermal mass and 
its time constant are quite large compared to those areas which 
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do not contain solution. Cool down time for the sink was, there- 
fore, much longer than the accumulator. Corrective action would 
not be directed toward the thermal mass - this is a constant in 
the analysis - but toward the conductance to the heat sink. Con- 
ductance to the heat sink had to be increased, thus reducing the 
time constant while flow section time constants we: 
reducing conduction to the environment. In actual practice, uhis 
will be^achieved by insulating to slow cooling and by increasing 
convection (such as by fan-forced air) to increase cooling. 

A 30 node thermal model was prepared to describe this cooling 
transient case. The model is described in Appendix B and in- 
cludes 13 fluid nodes in addition to nodes on the insulation, 
tank metal, battery, and pump. Conductances were calculated 
between internal connecting nodes and for connections to the 
environment for those nodes on the outsi.de of the package. 

in programming the cooling model, several assumptions were made. 
The P total heat released, due to heat of fusion and solution from 
the Fusible Heat Sink is 512 J/g (220 Btu/lb) . ^ was assumed 

that this heat is released over the temperature range of 14.3 C 
(6.2 °F) to -7 . 3°C (18 . 8°F) . In order to facilitate this in the 

program, the fluid specific heat was defined as 220/(18.8 6.2), 
or 73 3 J/g-°C (7.5 Btu/lb-°F) for this temperature range. A 
value of 3135 J/g-°C (0.8 Btu/lb-°F) was used for temperatures 

above — 7.3°C (18.8°F). 

Above a temperature of -7.3°C (18.8°F), the thermal conductivity 
of the solution was assumed to be 0.0065 W/cm-°C (0.375 Btu/hr- 
ft-°F) . This was increased linearly with decreasing tempera 
to a value of 0.0225 W/cm-°C (1.3 But/hr-ft-°F) over the range 
f°om -7 . 3°C (18 « 8°F) to -14.3°C (6.2°F). The higher figure is 
the thermal conductivity of ice at 0°C (32°F) . 

The outer surface of insulation releases heat to the cold sur- 
roundings at -17 . 8°C ( 0 °F) by radiation and convection . The 
emissivity used at the outer insulation surfaces was 0.05 (gold 
or aluminum foil). The view factor was taken as 1.0, as it was 
for all other radiation conductors. Radiation conductors from 
the tank surface have an emissivity of 1.0. Convective heat 
transfer was increased to the bare metal surfaces of the heat 
sink nodes and not to the insulation where th ® ^| a ^,^2-oc eL (i r o 
was held to natural convection at h = 3.67 x 10 W/cm C (1. 
Btu/hr-ft2~°F) . 
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Metal parts of the package were assumed to be stainless steel 
having a thermal conductivity of 0.147 W/cm-°C (8.5 Btu/hr-ft- 
°F) , An insulation conductivity of 3.5 x 10-4 w/cm-°C (0.02 
Btu/hr-ft-°F) was also used. The insulation thickness was held 
to 1.27 cm (0.5 inches) . 

The motor was modeled with a plastic sleeve, mounted from the top 
of the cover to the lower portion of the magnetic coupling so 
that only the lower portion of the pump is in direct contact with 
fluid. 

A heater less than 1 watt is required for the disconnect tube to 
prevent preliminary freeze. This was simulated in the model by 
putting the dissipated power directly into the metal tube. 

Analytical results are shown in Figures 10 through 17 for the 
cool down model. Figure 10 shows a typical transient profile, 
while Figure 11 shows total energy removal versus cool down time. 
Figures 12, 13, and 14 show nodal temperatures after 10 hours of 
cooling, while Figures 15, 16, and 17 reflect 30 hours of cooling. 


NORMAL MODE OPERATION 

The warm-up model differs somewhat from the cool down model and 
is described in Appendix B. The expansion circulation tube is 
missing along with tube fluid and tube insulation. The warm-up 
model includes a fluid node in the pump, 16.4 cm 3 (1 in 3 ), and 
in the external loop, 81.9 cm 3 (5 in 3 ). Two additional insula- 
tion nodes are included so that the package is entirely covered 
with insulation. Heat is added to the fluid in the external loop 
to simulate the heat input from the LCG heat exchanger. Flow 
conductors connect the outside fluid loop to the fluid flowing 
within the Fusible Heat Sink package. 

The flow rate is 108.9 kg/hr (240 lb/hr) . The warm-up model was 
run for heat exchanger loads of 422, 1,583, and 2,100 kJ/hr (400, 
1,500, and 2,000 Btu/hr) . The pump motor power is 27 W (92.1 
Btu/hr) . This power was put into the pump/motor node. The 
fluid in the pump was connected to the pump with a suitable con- 
ductance value. Figure 18 shows the results of this analysis 
which indicates that pump outlet temperature is maintained below 
0°C (32°F) for one hour with a heat exchanger load of 2,100 kJ/hr 
(2,000 Btu/hr) in the external fluid circulation loop. 


SUMMARY 

Two thermal models were prepared for use as a tool to describe 
the thermal effects of physical changes to the Fusible Heat Sink. 
The cool down model shows the temperature response of the package 
while the package is being refrigerated. The second, warm-up. 
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FIGURE 10: THERMAL RESPONSE OF FUSIBLE HEAT SINK DURING COOLDOWN 



TOTAL HEAT REMOVED FROM PACKAGE DURING COOLDOWN 
FORCED COOLING TO UNINSULATED SECTIONS AT h * 1.7 x 10“ 
W/cm2-°C (3 Btu/hr-ft2-°F) 

INITIAL PACKAGE TEMPERATURE = 10°C (50°F) 

ENVIRONMENT TEMPERATURE =-17.8°C (0°F) 


CR 137769 
SVHSER 6821 




(nag) T* - HDVMDVd WOdd Q3AOW3H 1V3H 1V101 


2 

x 



H 


45 


FIGURE 11: FUSIBLE HEAT SINK - COOLDOWN CONDITION 
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FIGURE 12: FUSIBLE HEAT SINK COOLDOWN 

SIDE VIEW - TIME = 10 HOURS 
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CONNECTS TO NODE 3 RESERVOIR 



FIGURE 13: FUSIBLE HEAT SlfcK COOLDOWN 

EXPANSION CIRCULATION TUBE - TIME = 10 HOURS 
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FIGURE 18: FUSIBLE HEAT SINK WARMUP CONDITION 

PUMP OUTLET TEMPERATURE VERSUS TIME 
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model shows the temperature response of the package while warmed 
fluid is being circulated to it from the LCG heat exchanger loop. 
The results of this study show that critical areas of the heat 
sink package must be thermally isolated from the ~17.7°C (0°F) re- 
frigerant to ensure free flow primping at minimum package tempera- 
tures. Conversely , to attain reasonable cool down or recharge 
time, the thermal conductance between the refrigerant and heat 
sink must be maximized. The model has shown that the areas to be 
insulated include the entire battery section, the top of the mo- 
tor section, and a section of the motor (reservoir) section where 
the pump is closest to the side wall. Additionally, the cool 
down time can be significantly decreased by adding internal fins 
to the slurry tank, and by supplying forced air circulation within 
the freezer or clamping the slurry tank directly to the freezer 
wall. 

In the operational or warm-up mode, the pump discharge fluid tem- 
perature remains below 0°C (32°F) while providing a total avail- 
able heat sink of 2,110 kJ (2,000 Btu) , 
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DitoXJSM SPECIFICATION 

Sis ssiX;rs4f^r 0 ?s:“;‘s/= 

Operating Tempe rature - -17.8°C (0°F) to 21.1°c (70°F) 

irs* * “fr*- 

x 26.7 cm (10.5 in) wide x 14 0 L r* s? C ^ 3 °' 5 m (12 in) hi ^ h 
headers. * 3,6 cm in ) deep, including 

following weight, l.sj kg l„, “fsfSrt’dS? 

ag c aj n r^ 7 ^ rnrs'c^STS »v- 

are required for battery recharae »Z n ? el ®°trical connectors 
expansion tube heating at 0.037 ampere. maXlmum and for 

where^it^penetrates^th " S “ a ^able- por- 
with the inlet and outlet linpq -f P ress ure shell and mates 

terfaces are retired! fr ° m the LCG ‘ No other “it in- 


inln r the~' i - ystem e is pressurized w ? th° m ® asurable external leakage 
kPa delta {lojsid)! With Water t0 a P res sure of 69 


CUMPONENT SPECIFICATIONS 

are presented^’in^his section ^Figtte^ UP th ® system 

section of all components excenC ^fM f how \ a deb ail cross 
shown in Figure 19 . ' except the heat exchanger which is 
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FIGURE 15: LIQUID COOLING GARMENT HEAT EXCHANGER CONCEPT 
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Slurry Tank Specification 

Performance - The^slurry tank shall be constructed contain^ 
3.700 cSP f23Q in^) of potassium bifluoride-water-ethanol solu- 
tion. In addition, the tank shall have sufficient volume to 
contain internally the following items: 

Pump/Motor 

Battery 

Accumulator 

Inlet and Outlet Disconnect 
Check Valve 

The tank shall con ain mounting provisions for these components 
and shall provide a separate chamber for the accumulator to which 
the inlet disconnect and check valve can be attached. . The tank . 
shall be covered with molded rigid closed cell insulating foam m 
the areas shown on Figure 19 1 with aluminum foil tape covering 
exposed foam surfaces. 

The tank shall be capable of withstanding a proof pressure of 
258 kPa (37.5 psig) and a burst pressure of 345 kPa (50 psig) . 

Operating Temperature - -17.8°C (0°F) to 21.1°C (70°F) 

Envelope - The tank shall not exceed the following envelope: 

30.5 cm"’": x 25.4 cm x 12.7 cm (12 in x 10 in x 5 in) . 

Weight - The tank shall not weigh more than 2.37 kg (5.22 lb) . 

Interfaces - The tank shall utilize the two female disconnects as 
two of three mounting points and shall provide. a means of actuat- 
ing those disconnects from an accessible position by a suited 
ascronaut. The third mounting point shall be a ball lock pin 
equally accessible. Actuation of the disconnects shall not be 
possible until the ball lock pin has been removed. 

Construction - The tank shall be constructed of welded stainless 
steel. 

External Leakage - There shall be no measurable ^external leakage 
utilizing water ~ at a pressure differential of 69 kPa (10 psi) . 

Internal Leakage - Leakage between the tank interior^ and the. ac- 
cumulator chamber shall not exceed 1.25 x 10 g/s (10*“^ Ib/hr) 
of water with the tank pressurized 69 kPa (10 psi) greater than 
the chamber. 
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Accumulator Specification 

Performance - The accumulator shall be a rubber bladder enclosed 
air volume' capable of absorbing 327.7 cm3 (20 in- 5 ) of slurry tank 
volume expansion without exceeding 69 kPa (10 psi) pressure in- 
crease. The bladder shall contain dry air at -20°C (-4°F) dew 
point, 21.1°C (70°F) dry bulk at 101 kPa absolute (14.7 psia) in 
the uncompressed state. 

Operating Temperature - -17.8°C (0°F) to 21.1°C (70°F) 

Envelope - The accumulator envelope shall not exceed 10.16 cm 
(4 in) diameter x 20.3 cm (8 in) length. Note: Battery may be 

partially contained within this volume. 

Weight - The accumulator shall not weigh more than 0.10 kg (0.22 
lb) . 

Interfaces - The accumulator shall be constructed as an integral 
part of the battery case. An M O n ring sealed port shall be pro- 
vided to allow repressurisation of the air in the accumulator 
bladder. 

Construction - The accumulator bladder shall be silicon rubber. 
Stainless steel clamps and a suitable adhesive shall attach the 
bladder to the battery interface. 

External Leakage - There shall be no measurable external leakage 
utilizing water at a pressure differential of 69 kPa (10 psi). 

Internal Leakage - Leakage between the accum- ator chamber and 
the tank interior shall not exceed 1.25 x 10* J g/s (10”4 lb/hr) 
of water with the chamber pressurized 69 kPa (10 psi) greater 
than the tank. 


Battery Specification 

Performance - The battery shall provide 36 watt hours of energy 
for a D.C. motor at 27 VDC and 1 ampere maximum current draw. 
The battery shall contain a hermetically sealed switch and an 
electrical connector as shown on Figure 19 . The battery case 
shall provide a relief valve to prevent case pressure from ex- 
ceeding 172 kPa (25 psig) . The battery shall provide mounting 
provisions for the accumulator and shall be partially contained 
therein. 

Operating Temperature - -17.8°C (0°F) to 21.1°C (70°F) 
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Envelope - The battery with accumulator attached shall not exceed 
10.16 cm (4 in) diameter x 25.4 cm (10 in) length. 

Weight - The battery with accumulator attached shall not exceed 
1.83 kg (4.03 lb) . 

Interfaces - The battery shall provide a single electrical con- 
nector for interface with the unit pump/motor and for battery 
recharge. The battery switch shall be located where it is acces- 
sible to a suited astronaut. The battery shall be mounted to the 
slurry tank and provide an external seal to the accumulator cham- 
ber. 

Construction - The battery shall be of welded stainless steel 
construction . 

External Leakage - There shall be no measurable external leakage 
uti lrzing water at a pressure differential of 69 kPa (10 psi) . 


Pump/Motor Specification 

Performance - The pump /motor combination shall consist of a brush 
type D.C. motor magnetically coupled to a gear type pump sup- 
ported in such a way as to expose the motor and coupling to am- 
bient air while the pump is immersed in the slurry tank fluid. 

The pump shall flow 30.2 g/s (4 Ib/min) of slurry tank fluid 
against a pressure head of 27.5 kPa (4 psi) maximum. The maximum 
motor power shall be 27 watts at 27 VDC. 

Operating Temperature 17.8°C (0°F) to 21.1°C (70°F) 

Envelope - The pump/motor and supports shall not exceed 11.43 cm 
(4.5 in) diameter x 16.51 cm (6.5 in) length. 

Weight - The pump /motor assembly shall not exceed 1.17 kg (2.58 

IE) . 

Interfaces - The pump/motor support shall interface with and seal 
the top of the slurry tank at the outlet disconnect location. The 
pump/motor assembly shall provide a type MS 3364 9-4 boss for attach- 
ment of the outlet disconnect. The pump /motor assembly shall pro- 
vide a 7.9 x 7.9 per cm (20 x 20 per in) mesh screen at the pump 
inlet. The pump/motor assembly shall provide an electrical con- 
nector with a 12.7 cm (5 in) lead for connection with the battery. 

Construction - The motor and coupling shall be of unrestricted 
construction. The pump shall be of stainless steel and teflon 
construction. The pump and motor supports shall be Kel-F-81 
plastic. 
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External Leakage - The external leakage of the j>ump_shall not^ 
exceed 1.25 FlCf-4 g/s (10~ 3 lb/hr) water at 27.5 kPa (4 psig) . 


Internal Leakage - The nonoperating reverse flow internal leakage 
of the pump shall not be less than 0.063 g/s (0.05 lb/hr) water 
with a 6.9 kPa (1 psi) pressure differential. 


Disconnect Specification 

Performance - The disconnect shall be of the zero-spill configur- 
ation and shall have a maximum water spillage or air inclusion of 
16 39 x 10-5 cm 3 (1 x 10-5 i n 3) per cycle. The connection force 
shall not exceed 4.54 kg (10 lb). The pressure drop shall not 
exceed 3.45 kPa (0.5 psi) with a slurry tank fluid flow of 30.2 
g/s (4 lb /min) . The external leakage from either half of the 
disconnect when engaged or disengaged shall not exceed 0.000125 
g/s (0.001 Ib/hr) water at 103 kPa at 15 psig pressure. 

Operating Temperature - -17.8°C (0°P) to 21.1°C (70°F) 

Envelope - The envelope of the female half of the disconnect^ 
shall not exceed 3.05 cm (1.2 in) diameter x 6.35 cm (2.5 in) 
long, and the envelope of the male half shall not exceed 2.54 
cm (1 in) diameter x 5.08 cm (2.0 in) long. 

Weight - The weight of the disconnect halves shall not exceed 
0.02 kg (0.045 lb) for one male half and 0.85 kg (0.19 lb) for 
one female half. 

Interfaces - The disconnects shall have a type MS33656E4 port on 
one end and shall be compatible with the mating half at the other 
end. 

Construction - The disconnects shall be of stainless steel con- 
struction with elastomer seals. 

External Leakage — There shall be no measurable ^external leakage 
utilizing water at a pressure differential of 69 kPa (10 psi). 


Check Valve Specification 

Performance - The check valve shall flow 30.2 g/s (4 Ib/min) ^of 
slurry tank fluid in the flow direction without exceeding 3.45 
kPa (0.5 psi) pressure drop. Reverse flow leakage shall not ex 
ceed 0.0000125 g/s (0.0001 Ib/hr) at 0.138 kPa (0.02 psi) pres- 
sure differential. 
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External Leakage - There shall be no measurable external leakage 
utilizing water at a differential of 69 kPa (10 psi) . 


Insulation Blanket Specification 

Performance - The insulation blanket shall completely enclose 
the assembled slurry tank and in conjunction with the rigid insu- 
lation on the tank shall limit the heat transfer from the tank at 
a temperature differential of 36°C (65 °F) in a one 'g 1 environ- 
ment to a maximum of 14.66 J/s (50 Btu/hr) . The blanket shall be 
configured as shown on Figure 19 and shall be removable for 
freeze up mode operation. Access by a suited astronaut shall be 
provided to the battery switch and recharge connector during 
operation . 

Operating Temperature - -17.8°C (0°F) to 21.1°C (70°F) 

Envelope - The insulation blanket shall conform to the exterior of 
the slurry tank and shall not exceed 1.27 cm (0.5 in) thickness. 

Weight - The weight of the insulation blanket shall not exceed 
0.24 kg (0.52 lb) . 

Interfaces - The insulation blanket shall interface with the 
slurry tank. 

Construction - The insulation blanket for the flight prototype 
unit shall be constructed of 20 layers aluminized mylar with fi- 
ber glass Beta cloth separators and cover. Velcro hook and pile, 
and snaps shall be used to provide removability and access. In 
the areas where fixed insulation is attached to the slurry tank, 
only cover material, no mylar and separators, shall be used. The 
feasibility and functional system hardware will incorporate an in- 
sulation blanket that duplicates the thermal performance of the 
flight prototype blanket but is constructed of less exotic and 
costly materials . 


Heat Exchanger Specification 

Performance - The heat exchanger shall be sized to transfer a 
maximum of 586.6 J/s (2,000 Btu/hr) from slurry tank ■f’uid flow- 
ing at 30.2 g/s (4 lb/min) and -7.3°C (18.8°F) to the ’’G water 
loop flowing at 30.2 g/s (4 Ibs/min) and 14.6°C (58.3 X . The 
heat exchanger shall be of a configuration that allows operation 
after partial freezing of the LCG water flow passes due to low 
heat load operation of 117.3 J/s (400 Btu/hr) with the slurry 
tank fluid at -14.3°C (6.2°F) and 30.2 g/s (4 lb/min) and the 
LCG water flow at 22°C (71.2°F) and 30.2 g/s (4 lb/min). The 
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heat exchanger shall contain two male disconnect halves to inter- 
face with the slurry tank. The pressure drop through either loop 
shall not exceed 6.89 kPa (1 psi) at 30.2 g/s (4 lb/mxn) £ ow. 

The heat exchanger shall be capable of withstanding a proof pres- 
sure of 258 kPa (37.5 psig) and a proof pressure of 345 xPa 
(50 psig) . 


Operating Temperature - -17.8°C (0°P) to 21.1°C (70°F) 

Envelope - The heat exchanger shall not exceed an envelope of ^ 
17.8 cm x 12.2 cm x 0.76 cm (7.0 in x 4.8 in x 0.3 in) exclusive 
of inlet/outlet bosses and 17.8 cm x 16.0 cm x 3.6 cm (7,0 m x 
6.3 in x 1.4 in) with bosses and disconnects included. 


Weight - The heat exchanger weight shall not exceed 1.56 kg (3.45 
lb) wet or 0.70 kg (1.56 lb) dry. 


Interfaces - The heat exchanger shall have 0.952 cm (0.375 in) ^ 
beaded tube ends for interface with the LCG loop, and male hair 
disconnects for interface with the slurry tank. . The heat ex- 
changer shall have provisions for interfacing with the pressure 
bladder wall of the space suit with the LCG interfaces inside 
the suit and the disconnect interfaces outside the suit. 


Construction - The heat exchanger shall be of stainless steely 
plate fin construction with a brazed core and headers attached 
by welding. 

External Leakage - There shall be no meas urable 

utilizing water ~at a pressure differential of 69 kPa (10 psi) in 
any direction. 

Internal Leakage - There shall be no internal leakage between th' 
LCG loop and the slurry loop utilizing water at a pressure dif- 
ferential of 69 kPa (10 psi) in any direction. 
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Heat Exchanger Sizing 
High load, end of mission (Case VI) 
[50-18. 8) - (58.3-28.5) 


LMTD = In [50-18. "87 


(58.3-28.5) 


= 30.5°F 


UA Q 

req'd = LMTD = 


2000 Btu/hr 
30 . 5 ° F 


= 66 Btu 

hr- w F 


Low load, start of mission (Case I) 

(71.7-8.1) - (32-6.2) 
LMTD = In (71.7-8.1) 

(32-6.2) 


= 42.5°F 


UA 


req'd = 400 = 9.4 Btu 

42.5 hr~“F 


Can ice thickness provide this reduction in heat exchanger conductance? 


UA re q'd low 


UA. 


rec l' d high 


+ Ice Resistance 


3- = 1 , AX 

9.4 66 KA 

AX = [.106 - .015] (1 . 3) A 

= .118A 

Assume A Cf .5ft 2 

AX = (.118) (.5) (12 in) 

ft 

= .7 inch 

Too thick for practical application! 
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Tube in Tube Heat Exchanger 


Inner 

tube: 

O.D. 

= 0.12s" 



I.D. 

= 0.099" 

Outer 

tube: 

I.D. 

= 0.333" 

Water flow 

in annulus: 



7 r 

“T U 

333 2 - 

. 125 2 )4 

De = 

7T (.333 + 

.125) (12) 


0.0X7 ft 


G = w_ 
A 


240 Ibs/hr 


(.3332-.125 2 ) 


. 2 

X 144 S-2 
±t 


= 461,908 lb 


hr- ft 2 


NRe = DeG 

= (.017) (461,908) 

TO] 


= 2533 


hDe 


= .023 (N Re ) 


.8 


= (.023) (.332) 

( * 017) 


(CP^ \-4 
X 1C ' 


(2S 33,'> (ME! 


)•' 


" 580 Btu__ 

hr-ft^-°F 
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Slurry flow in tube: 

.099 

De = TT- = .00825 ft 


G = » 
A 


7L C- 099 
4 


-2 x 144 = 4489660 


(.00825) (4489660) 

tl^TJ 


—H. = .023 (N Re )- 8 (2^)'* 


h tub « , ,Sgfe§S- (3061) ■* (iiTJSKip.) - 


= 1879.4 Btu 

hr~ft2-°F 


req’d 


1 + 1 
^An^An h tube A tube 


CS80) 7T(. 125) L 
12 


1879.4 7T ( . 099) L 
12 


= .0527 


.02053 

L 


= 4*82 ft 
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Calculate water pressure drop: 


- - y 


= 461,908 

[62. 4) (3600 sec/hr) 


2.06 ft 
sec 


- .006 (smooth tube) 

- 4£ L pv 2 

D 2g c 

= (4) (*006) (4*82) (62.4) (2. 06) 2 

(.017) 2(32. 17) (144) 

= .19 psi 


Shell and Tube Heat Exchanger 

Use 150 1/8" tubes by 1.75" long, .082 Crimp, 
pass tube side. 

Water (tube) side : 

Flow Area = Nq* 7T di 2 

4 

= (150)7T (.099) 2 

4(144) 

= .008 ft 2 


One pass shell side* one 


r B W 240 Ib/hr 
A “ .008 ft 2 


= 30000 lb 

hr-ft^ 


De = = 

TF 


.00825 ft 
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(. 00825) (30000) _ 7Q R 

3.1 

= N Nu Np r “*^ = 1.9 (Test Data .082 Crimp) 


WY 

!.9 K- /cPflV 
D \ K / 


1.9(. 332) / (1 .0) (3. 1) 

(.00683) l (.332) 


= 225.7 Btu/hr-ft2-°F 


Slurry (shell) side: 

Flow Area = .5 in 2 


in length 


x 1.75 in (Design Data) 


= . 875 in 2 


= 6.076 x 10-^ ft 


-3 -Pi- 2 


= W = 240 

A 6.076 x 10-3 


= 39497 


hr- ft* 


= .01042 ft 


(.01042) (39497) 

12.1 
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4f = 

64 = 2.6 

24.6 

(Laminar flow) 


Ap = 

4f L PV 2 

D 2g c 




f2.6Hl.7S) (62.4) (.194) 2 



(.082) (2) (32.17) (144) 


= 

.014 psi 



Plate Fin Heat Exchanger 



Assume minimum Nusselt number: 


n Nu 

= 4.5 

(Test Data) 


Water fin 

is 0.050" high, 

ruffled, 35 fpi, .002 

thick 

De 

= .00258 ft 




= 4.5 K 

De 




4.5 (.332) 
(.00258) 

= 579 Btu 0 

hr-ft“-^F 


a ht 

"V~ 

= 850ft 2 (650 

ft* 

secondary plus 200 

primary) 

a ht 

= (850) LxWxH 




= (850) (3) (4) f . 

1728 

251 = .295 ft 2 


Fin 

Effectiveness = 

.53 


Aht 

= j (.53) (650) + 

200l -295 


L 350 




* .189 ft 2 

A- 7 
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Htfater ° (579) (.189) = 109 Btu 

hr-°F 

Slurry fin is .050" high, ruffled, 35 fpi, .002" thick 

h s = 4,5 K 

De 

= (4,5) (.2 6) „ 453 Btu 

hr-ft 2 -°F 

(650 secondary plus 200 primary) 

AhT = 850 LxWxH 


.00258 

Aht 850 ft 2 
-T- B ft 3 


= (850) (3) (4) (2 x .05) _ , nff 2 

1728 " 


Fin effectiveness = .4 


Aht ” | ^«4)(650) + 200 


850 


3 - 
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= . 32 ft" 


^slurry = (453) (.32) 

= 145 Btu 

hr-°F 


1 

UA 


hA- 


water ^slurry 


1 + 1 


109 145 


UA = 62 Btu 

hr-“F 
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Increase core length by .25" 
UA = 62 ^3. 25 j = 67 


to 3.25”. 
Btu 

hr^F~ 


Calculate water pressure drop: 

Aff = w x h x Blockage factor 
s 4 x .05 x .56 
= .112 in 2 

G = W « 240 (144) = 308,571 lb 

A OT2 hT-ft 

V = G = (308 .571) = 1.374 ft _ 

p (62.4) (3600j sec. 


'Re 


GD 

V 


(308.571) (.00258) 

(301 


= 257 


- iiL = - 1 - 6 — = .0622 

— ■' . o r -7 


'Re 


257 

2 


4P « 4£ L _PV^ 

D 2g c 


4 (.0622) (3.25) 
(.00258) (I2j 


(62.4) (1 . 374)2 
2(32. 17) (144) 


.332 psi 
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APPENDIX B 


CINDA Program Capabilities 

In order to solve the transient solution the computer program CINDA was 
used. CINDA is a versatile analytical program written by Chrysler under 
a NASA contract. The data is input into the program in "blocks" where 
each block contains different kinds of information. These blocks are 
(1) Title, (2) Node data, (3) Conductor data, (4) Constants data, 

(5) Array data, (6) Execution, (7) Variables 1, (8) Variables 2, and 
(9) Output calls. 

The Title block allows the user to input title cards into the program. 

In the Node data block the user places all of the numbered nodes into 
the program including their initial temperature and capacitance (C(N)) 
or thermal mass value. Boundary nodes are also placed in the Node data 
block. In the Conductance data block the conductor number, G(N) , 
connecting nodes and the conductance value is input. A positive con- 
ductor number indicates a non-radiation conductor. A negative conductor 
number indicates a radiation conductor. In the Constants data block 
the user inputs constants as required by the various subroutines 
which the user may call. The Array data block contains arrays of data 
used by the subroutines that the user calls for in the different blocks. 

For example, thermal mass or conductance may be varied with temperature. 
Label arrays are also kept there, which are later called upon from the 
output calls block to label print-out data. In the Execution block the 
user identifies the size of the program and calls for the required 
internal subroutines from the CINDA library in order to solve the pro- 
blem. In the Variables 1 block the user can perform pre -solution oper- 
ations. For example, for a single power dissipation, the user may call 
STFSEP(61.5 ,Q27) . This means that he is assigning 61.5 watts or Btu's 
to node 27. The Variables 2 section allows the user to perform post- 
solution calculations. That is, the user can extract information from 
the just-solved network. For example, the call QMETERCT1 ,T2 ,G1 ,K1) 
calculates the heat flow between nodes 1 and 2 as a function of conduc- 
tance number 1 and places this calculated value into Kl. As many QMETER 
calls as desired may be used. Then with an ADD(K1,K2,K3,K4) statement, 
for example, the user sums Kl, K2 and K3 and places the sum into K4. 

In the Output calls block the user may call for a printout of the problem 
solution. CINDA has the additional flexibility that allows the user to 
include his own FORTRAN statements anywhere in the last 4 operation blocks. 

The fusible heat sink cooldown model is described in Figures 1-B, 2-B, 
and 3-B, plus Table 1-B. The warmup model is described by Figures 4-B 
and Table II-B. Enclosures are included for sample printout * or both 
models. 
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TABLE I-B 


Node Number 


NODE DESCRIPTION - COOLDOWN MODEL 

Description 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 
100 


Liquid Around Pump 
Liquid Around Pump 
Liquid Below Battery 
Liquid Around Bladder ( outer) 

Liquid Around Bladder (inner) 

Liquid in Expansion Tube 

Metal S/S Bottom Below Motor 

Metal S/S Side of Motor Section 

Metal S/S Top of Motor Section 

Metal S/S Top of Battery Section 

Metal S/S Outer Side of Battery Section 

Metal S/S Inner Side of Battery Section 

Metal S/S Tube 

Metal S/S Around Battery 


lattery 
J ump /Motor 

fetal S/S Bottom of Battery 
[nsulation Atop Motor Section 
Insulation Around Side of Battery Section 
Insulation Around Tube 

_ Cnuti nn 


Liquid Around Pump 

Liquid Around Pump 

Liquid Around Pump 

Liquid Around Pump 

Liquid Below Pump 

Liquid Below Pump 

Liquid Below Pump 

Insulation Atop Battery Section 

Insulation on Bottom of Battery Section 

Environment 
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TABLE II-B 

NODE DESCRIPTION - WARMUP MODEL 

Node Number 

Description 

1 

Liquid Around Pump 

2 

Liquid Around Pump 

3 

Liquid Below Battery 

4 

Liquid Around Bladder Outer 

5 

Liquid Around Bladder Inner 

6 

Insulation Around Side of Motor Section 

7 

Metal S/S Bottom Below Motor 

8 

Metal S/S Side of Motbr Section 

9 

Metal S/S Top of Motor Section 

10 

Metal S/S Top of Battery Section 

11 

Metal S/S Outer Side of Battery Section 

12 

Metal S/S Inner Side of Battery Section 

13 

Insulation at Bottom of Motor Section 

14 

Metal S/S Around Batter 

15 

Battery 

16 

Pump /Mo tor 

17 

Metal S/S Bottom of Battery 

18 

Insulation Atop Motor Section 

19 

Insulation Around Side of Battery Section 

20 

Fluid in the Pump 

21 

Metal S/S Bottom of Battery Section 

22 

Liquid Around Pump 

23 

Liquid Around Pump 

24 

Liquid Around Pump 

25 

Liquid Around Pump 

26 

Liquid Below Pump 

27 

Liquid Below Pump 

28 

Liquid Below Pump 

29 

Insulation Atop Battery Section 

30 

Insulation on bottom of Battery Section 

31 

Fluid in Outside Circulation Loop 

100 

Environment 

B-3 
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PUNtTED 

’ TECHNOLOGIES,. 


CONNECTS TO PUMP 


CONNECTS TO NODE 3 RESERVOIR 


FILLED WITH INSULATION 


B 



COOLDOWN MODEL 


FIGURE 3-B: FUSIBLE HEAT SINK - NODE DESCRIPTION - EXPANSION CIRCULATION TUBE 



FIGURE 4-B: FUSIBLE HEAT SINK - NODE DESCRIPTION - SIDE VIEW WARMUP MODEL 
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COOLDOWN MODEL 


Coot-froivA/ £&S& 


3 THERMAL LPCS 

9 TRANSIENT WATER/KHF2/ETHAN0L FUSIBLE HEAT SINK 


3NPDE OATA 
I» 50. j Al, 5.94 

2.50., Al, 13.96 
3» 50. » A I ,9.7 

4.50., Al, 3.43 
5,50. , Al ,3. <*3 


7,50. ,.0212 

s 

,8,50. ,.171 

$ 

9,50., .036 

$ 

10, 50., .059 

$ 

11,50. ,.067 

s 

12,50., .067 

s 

13,50. ,.0133 

$ 

14,50.,. 0666 

£ 

15, 50. ,.528 

£ 

16,50. ,.159 

$ 

17, 50. ,..0127 

$ 

18,50., .0159 

$ 

19, 50., .0601 

$ 

20, 50. ,.0236 

£ 

21 ,50. ,.0127 

£ 

22 , 50. t A 1 , 14. 99 

$ 

23,50. , Al, 11. 80 

$ 

24,50. ,Al ,13. 01 

$ 

25, 50., A 1, 21. 51 

' $ 

26 ,50 ., Al ,20.8 

£ 

27,50. ,AI ,20.8 

£ 

28, 50., Al, 20.8 

$ 

29,50. ,.0114 

$ 

30,50.,. 0114 

* * N 

-100,0.00,1. 

* 


S LIQUID AROUND PUMP — 
£ LIQUID AROUND PUMP 
S LIQUID 8FL0W BATTERY 
S LIQUID AROUND BLADDER 

5 LIQUID AROUND BLADDER 

6 LIQUID IN TUBE 


A/oP£ tii/tfibzfLj tfjtriAL TEJHF. &HHAV 1. PoR. Mi/£.r/puB7t } 

•meRv/n-Mte!) Bn* 


'yyi<jjo © i - * AfUL.riPi.tEK. 


INSULATION ATOP BATTERY SECTION 


&et/fJDAR.y CvtJ^inohJ #r o°F 


RELATIVE NODE NUMBERS 


ACTUAL NODE NUMBERS 


I THRU 
11 THRU 
21 THRU 
31 THRU 


BCD 3C0NDUCT0R DATA 

REM NOTE CGS CONDUCTOR CONSTANT VALUES FOR K=.375BTU-FT/HR~FT2“F" 
RFM K-1.3 BTU-FT /HR-FT2-F AT 6.2F ' 

RBi .375 BTU-FT/HR-FT2-F AT 13. BF 

CGS 10, 3, 12, A8,. 184 ““* 

CGS ll«3,L7 T A8,.604 
CGS 12,3,6,48, B.25E-4 
CGS 13»3»ll»A8».l84 
CGS 14,3, 21* A8, . 604 
CGS 15,4,11, A8, 26. 2 
CGS l6,4,5,A8,9.5E-3 
CGS 17,4, 14, A8, .0931 
CGS 1 8 , 5 , i ?, A8 ,26.2 
CGS 19,5. 14. A8.. 0931 


10 PjLofR’**! 

20 W4- OF A/PDE 

30 NlfeV- 


CPMM04T 




$ HA* 3 


5 21,6, 13,A8,3.2? <■ oo 

22.7.21 . . 022 

23.7. 8 , * 0455 

24.8.9.. 0552 
25,8, 13*2. 8E-4 

26.9.18. . 0697 

27,9,l6,2.35E-3 £ CONDUCTANCE THRU PTFCE PLASTIC 

28.9.10. . 0363 

29.10. 11. . 0285 

30.10. 14.. 0533 

31. 10. 12. . 0285 

32.11. 19. . 467 

33. 11. 12. . 994 
34,11 , 13, 1.4E-4 
35, 1 1 , 21 , • 01 55 
36, 13, 12, 1.4F-4 

37.13.20. . 0858 
38, 13,16,2. 81 E-4 

39.14.17. . 0533 
40,14,15,109.1 
41*21, 12,. 0155 

I CONDUCTANCES FOR CONVECTION AT 1G 

42.100.7. . 435 $ HA* 3 

43. 100. 30. . 0872 

44,100,8,3.522 S HA*3 T 

45.100.19.. 515 

46. 100. 29. . 0872 

47. 100. 18.. 145 

48.100.20.. 1764 

END CONDUCTANCES FOR IG EXTERNAL CONVECTION 
49, l t 2, A8,. 035 
50,1, 24, A 8,. 014 
.51,1,25, A8, .014 

52.1. 9, A8,. 0151 

53.1. 8, A8, 1.467 - 
54*L»26 , A8 ,.0122 

55.1. 16, A 9,. 0899 i CONDUCTANCE FLUID AROUND PUMP TO PUMP 
56,?,22,A8, .11 

57. 2. 16, A10,, 0539 $ CONDUCTANCE FLUID AROUND PUMP TO PUMP 

58,2f 1 2, A 8, . 42 B 

59.2.26, A8*. 0288 

60.2. 9, A8,. 0355 
61, 2, 8, A 8, .24 
62 , 22 , 23 , A8 , • 5 
63, 22, 24* A 8.,* 064 
64,22 , ?5, A8, . 0309 
65, 22, 12, A8,. 425 

66.22.16, All, .095 $ CONDUCTANCE FLUID AROUND PUMP TO _PUMP 

67. 22. 9, A 8f .0382 
68, 23*12, A8 t . 1066 

69.23. 26, AB,. 0245 
70,23,25, A8,. 067 

71.23.8, A 8,1. 6 

72.23. 9, A3, .0302 

73*24*15 ,A12,.ll63 $ CONDUCTANCE FLUID AROUND PUMP TO PUMP 


corf!) v ctd^ move- MuunpLt&Zj 

aoUOfJCT&VCE QTU /ttK.~°F 

<J (El T - <f K MVC.F/&L/&K 


S CONDUCTANCE FLUID AROUND PUMP TO PUMP 


f 


n -a 


CGS 90j26f ?7|A8j *466 
CGS 81,26,16, A8,. 05*8 
CGS 82,26, 12, A8, .0325 
CGS 83,26,8, A8,. 37 
CGS 84, 27,2 6, A 8, • 466 
CGS 85,27, 8, A8, .37 
CGS 86, 27, 12, A8,. 0325 
CGS 87,28, 7,A8,.932 
CGS 30,28,8, A8, .37 
CGS 89,28, 12, A8,. 0325 
90, 18, 29, 7.41F-4 
'1,29, 19, .01645 
92,19,29,8.758-4 
93,30,21, .0419 
94,30, 19 , 8. 75E-4 
REM RAPT AT ION CONDUCTORS 
-100,4,14,2.05 E— 10 
— 101, 5,14,?. 05 E-i 0 
—102, 100, 7, 2.49F—10 
—103,100,30, .0747E— 10 
-104, 100, 8,20. IE-10 
-105, 100,19, .441F-10 
—106 ,100,29, .0747 F“10 
-107,100, 18,. 124E-10 
—108, 109, 20, • 1 51E— 10 

END 


$ INSULATION E=.05 

$ INSULATION E=.05 
$ INSULATION E= .05 
$ INSULATION E=.05 
$ INSULATION E=.05 . 






.to 

o 


RFLATIVE CONOUCTOR NUMBERS 


ACTUAL CONOUCTOR NUMBERS 


Z 

11 

21 

31 

41 

51 

61 

71 

81 

91 


THRU 

THRU 

THRU 

THRU 

THRU 

THRU 

THRU 

THRU 

THRU 

THRU 


10 

20 

30 

40 

50 

60 

70 

80 

90 

94 


10 

20. 

30 

40 

50 

60 

70 

80 

90 

105 


11 

21 

31 

41 

51 

61 

71 

81 

91 

106 


12 

22 

32 

42 

52 

62 

72 

82 

92 

107 


13 
23 
33 
43 
53 
.63 
73 
83 
9 3 
108 


14 

*.24 

34 

44 

54 

64 

74 

84 

94 


15 

25 

35 

45 

55 

65 

75 

85 

100 


16 

26 

36 

46 

56 

66 

76 

86 

101 


17 

27 

37 

47 

57 

67 

77 

87 

102 


18 

28 

38 

48 

53 

68 

78 

88 

103 


19 

29 

39 

43 

59 

69 

79 

39 

104 


i _ __ 

oF- Ct>uT>i'Crorz£ 
tftir iMpuT 


- 77/VCT 


BCD 3CONSTANTS DATA 

TIMFND *96. , OUTPUT ,1.0 

OT IMEI, .1 

NL OOP, 3000 | ^ 

DRLXC A , . 05,ARLXC A ,. 05 

1 . 0. , ?, 0 . , 3 , 0 . , 4, 0. » 5, 0. , 6 , 0. , 7”, 0. , 8, Q. , 9 , 0. • — * 

10.0. .11.0.. 12.0. .13.0.. 14. 0. . 15.0. .16.0. .17.0. .18.0, 

ENO 

BCD 3ARRAY DATA 

I, -50. ,.0457,6.19,-0457 ,6. 20 , t.O ,1 8.79, 1.0,18.8 , .0457 

100.. .0457, END 

-2 , ORR ATE , OR TOT , QCP AT E , QCTOT , END *<- 

-4,C 1,C2,C22,C23, END 
-5,C24,C25,C26,C27, END 
— 6,C2B*C3,C4,C5, ENP 
— 7»C6,G53»G62, END 

REM NOTE CHANGE IN ARRAY DATA 8 THRU 12 

B,— 50. ,3.47,6.29,3.47 ,18.80,1.0 ,100. , 1.0, END 

9, -50*, 1.36, 6. ?00,1.36, 18. 30, 1.0,190. ,1.0, END 

1 0, -50., 2. 03, 6. 200, 2. 03, 18. 30 ,1.0, 100., 1.0, END 

II. -50. *1.78. 6. 200.1. 78.18. BO. 1.0. 1 00. .l.O.FND 


Fpo, p&o&uzm &oi/&S y output p/hurour jvnr&irfii- 

T=t>(Z R-oontJ& CfijFHr&K (BxS'C-urrotJ su>c,k) 

iuin&u*LifJG coMSTTttJrs /a/ S 




/f-JOZA YbiOHftETi (T-CTMPj MUt-TiPU&K jTttJP WVt.77/?^- 1 


UrQEl- /QARAy apLUEZ* PR&M OUppuT a&Lt*S 


B-12 



END 

BCD 3EXECUT ION 
DIMENSION XC20Q) 
NDIM=200 
NTH=0 


CSGDMP 

CNFWBK 



END 


BCD 3 VARIABLES 

1 



VARCSMCT 

1»C 

1.41, 

5.941 

VARCSMCT 

2 » C 

2, Al, 

13.96) 

VARCSMCT 

3,C 

3, Al, 

9.7) 

VARCSMCT 

4,C 

4»A1, 

3.43) 

VARCSMCT 

5 * C 

5. AX, 

3.43) 

VARCSMCT 

6,C 

6,A1, 

.921) 

VARCSMCT 

22, C 

22, Al, 

14.99) 

VARCSMCT 

23, C 

23, Al, 

11.88) 

VARCSMCT 

24, C 

24, Al, 

13.01) 

VARCSMCT 

25, C 

25, Al, 

21.51) 

VARCSMCT 

26 »C 

26, Al, 

20.8) 

VARCSMCT 

27 tC 

27, Al, 

20.8) 

VARCSMCT 

28, C 

28, Al, 

20.8) 

VARGSMCG 

10, T 

3 »T 

12, 48, .18^) 

VARGSMCG 

lit T 

3 »T 

17, A8, .604) 

VARGSMCG 

12 ,T 

3,T 

6, AS, 8 .25E—4) 

VARGSMCG 

13, T 

3,T 

ll,A8,. 184) 

VARGSMCG 

14,T 

3»T 

2l,A8,.604) 

VARGSMCG 

15, T 

4,T 

lit 48,26.2) 

VARGSMCG 

16, T 

4 e T 

5,A8,9.5E-3) 

VARGSMCG 

17, T 

4,T 

14, A8, .0931) 

VARGSMCG 

18, T 

5,T 

12,48,26.2) 

VARGSMCG 

19, T 

5,T 

14, A8,. 0931) 

VARGSMCG 

20, T 

6,T 

16, AB, 8 «25E— 4) 

VARGSMCG 

21, T 

6,T 

13, AS, 3. 22) 

VARGSMCG 

49, T 

1,T 

2,A8, .0351 

VARGSMCG 

50, T 

X»T 

24, A8, ,014) 

VARGSMCG 

51, T 

1? T 

25, A 8, • 014) 

VARGSMCG 

52, T 

1 »T 

9, A8, .0151 ) 

VARGSMCG 

53, T 

l»T 

8,A8 ,1.467! 

VARGSMCG 

54, T 

IfT 

26, A8,. 0122) 

VARGSMCG 

55, T 

1,T 

16, A9, .0899) 

VARGSMCG 

56, T 

2,T 

22,A8,.ll) 

VARGSMCG 

57, T 

?,T 

16, A 10, . 0539) 

VARGSMCG 

58 ,T 

2 ,T 

12, A8, .428) 

VARGSMCG 

59, T 

2»T 

26, A8, .0288) 

VARGSMCG 

60, T 

2,T 

°iA8, .03551 

VARGSMCG 

61, T 

2 ,T 

0,A0 ,.24) 

VARGSMCG 

62, T 

22, T 

23, A8, * 5) 

VARGSMCG 

63, T 

22, T 

24 V A8, .064) 

VARGSMCG 

64, T 

22, T 

26 , Afl 0309) 

VARGSMCG 

65, T 

?2,T 

1 2, A8, . 495) 

VARGSMCG 

56, T 

22, T 

16, All, .095 ) 

VARGSMCG 

67, T 

22, T 

9, A 8, • 03 8? 1 

VARGSMCG 

68, T 

23, T 

12, A8, .1066) 

VARGSMCG 

69, T 

23, T 

26, A8,. 0245) 

VARGSMCG 

70, T 

23 ,T 

25 , A 8, . 067) 

VARGSMCG 

71, T 

23 ,T 

8,48,1.6) 

VARGSMCG 

72, T 

23, T 

9,A8,.0302) 

VARGSMCG 

73, T 

24, T 

16, A 12, • 1 163) 

VARGSMCG 

74. T 

94. T 

2S.&8. .A) 




U- u. U- 



VARGS M IG 

74, r 

24, T 

26, A8 » -026P ) 

VARGSMIG 

77, T 

25, T 

B,A8,1.67> 

VARGSMIG 

78, T 

?5,T 

26, A 8,. 04431 

VARGSMIG 

79 ,T 

25, T 

9,A8,-0547) 

VARGSMIG 

80, T 

26, T 

27,A8,.466J 

VARGSMIG 

81, T 

26, T 

16,A8,.0548J 

VARGSMIG 

82, T 

26, T 

12, A8,. 0325) 

VARGSMIG 

83, T 

26, T 

8, A 8, - 371 

VARGSMIG 

84, T 

-7,T 

28, A 8, -4661 

VARGSMIG 

85, T 

27, T 

8 ,A8,*37) 

VARGSMIG 

86, T 

27, T 

1?, A9» -0325) 

VARGSMIG 

87, T 

29, T 

7, A8,.932J 

VARGSMIG 

88, T 

28, T 

8, A 8, • 37) 

VARGSMIG 

09, T 

28, T 

12,A8,.0325J 


$ l WATT AROUND TUBE ** 

$ AIR GAP .05 IN NODE l TO NODE 8 


ENDV1 

STFSEP{3.41,313) 

STFSEPl.201,G53l 

ENQ. 

GCO 3VARIABI ES 2 

QMETER{T7,T100,G42 T( K10) 

0METER|T30,T1Q0,G43,K11) 

QMFTERIT8,T100,G44,K12) 

QMETER ( T19.T1 00 ,G45 ,K13 ) 

QMETER (T29,T100,G46,K141 
QMETERIT18 ,T100 ,G47,K15) 

QMETER I T20,Tl 00 ,G48,K16I . 

ADDIK 10, K UtK 12,KI3,K14,K15,K16,K17> 

QINTEGIKI7,DTIMEU,K18) $ INTEGRATE CONVECTION HEAT FLOW 
RDTNQSlTlOOf T7*G 102»K1) i 

RDTNQS.IT100 , T30* G103,K2 1 -«*- : : 

RDTNQSITlO0,T8fGL04,K3 1 
RDTNQSIT100,TI9,G105,K4> 

RDTNQSIT100,T29, GIQ6,K5) 

RDTNQS(-T100,T18,G107,K6) 

R0TNQS(T100,T20,GI08,K7) 

A0D(K1,K2,K3,K4,K5,K6,K7,K91 . „ (kf , TaXTrtM t , c , T c , nl , 

QINTEGtK8rOT!MEUfK9J S INTEGRATE RAO IATIQN HEAT FLOW 

END 

BCD 3QUTPUT CALLS 
PRNTMP 




7 LA 4 .E-S 3.4l nj uove 13 . 

.-2-0} ©▼*>/#*-“* l«J CoUPvcrofL S'* 

!M7t> CtrUSrttUr i-oCATtD^l fcio 


— AVV$ tfcfe Mt> 9 on s sotA, iH JC/7^ 

^ 5UMS T'/MET STSt' 

¥ V’ 


pieces GJ = * (-p - t(^)) ^ 


ENO 


PRINTLIA2,K9,K9,K17,K18) - 
PRINTLIA4,Cl,C2,C22,C23) 
PRINTLI A5,C24,C25*C26,C27) 
PRINTL<A6,C28,C3,C4,C5) 
PRINTLI A7 ,C6,G53 »G62) 


+«■ uo PET s^sw^ 


n-a 


S 1NHA 


TRW SYSTEMS IMPROVED NUMER ITAL DI FPERENCING ANALYZER - “ 

TRANSIENT HAT ER/K HF2/ ETHANOL FUSIBLE HEAT SINK 
* * * * 

TIME, 0.0 OTIMEU 0.0 CSGMIM 0) 0.0 


IBM-360/75 VERSION* PHILLIPS PETROLF M CO. PAGE 


OTMPCCI Oi 0.0 


ARLXC.C.t 0) 0.0 


1 

THRU 

5 

6 

THRU 

10 

11 

THRU 

15 

16 

THRU 

20 

21 

THRU 

25 

26 

THRU 

30 

31 

THRU 

31 


5. OOOOOOE 01 
5.000000E 01 
5. OOOOOOE 01 
5.000000E 01 
5.000000F 01 
5. OOOOOOE 01 
0.0 


5. OOOOOOE 01 
5. OOOOOOE 01 
5. OOOOOOE 01 
5. OOOOOOE 01 
5. OOOOOOE 01 
5. OOOOOOE 01 


5. OOOOOOE 01 
5. OOOOOOF 01 
5. OOOOOOE 01 
5. OOOOOOE 01 
5. OOOOOOE 01 
5. OOOOOOE 01 


5. OOOOOOE 01 
6. OOOOOOE 01 
5. OOOOOOE 01 
5. OOOOOOE 01 
5. OOOOOOE 01 
5. OOOOOOE 01 


5. OOOOOOE 01 
5*0000006 01 
5. OOOOOOE 01 
5. OOOOOOE 01 
5. OOOOOOE 01 
5-OOOQOOE 01 


QRRA 

o 

• 

o 


OR TO 

0.0 


Cl 

0. 27146E 

00 

C2 

0.63797F 

00 

C24 

0.59456E 

00 

C25 

0.98301E 

00 


QCRA 

0.0 


QCTO 

0.0 


C22 

D.68504E 

00 

C23 

0.54292E 

00 

C26 

6.95 05 6 F 

00 

C,27 

0.95056 E 

00 


,CZB_ 

C6 
A ' 
MODE 
NODE 
1 


0. 95056 £ 00 X3 
0.420906-01 G53 


0* 44329 E 00 C4 
0.20100E 00 G62 


30 NODE PROBLEM USING. LPCS 

14 HAS THF CSGMIN HP 6.07607E-04* NODE 


C-VALUE 
2. 7156-01 

C. 


Ccfli&VCXOfL ^UMQETV 


LIN 3.500E-02 
LIN 1.400E-02 

42 LIN 1.400E-02 

43 LIN 1. 5106-02 
-44 LIN 2.010E-01 

45 LIN 1.220E-Q2 

46 LIN G.990E-02 


0.15675E 00 C5 
0.50000F 00 


0.J.5675E 00 


CSG— VALUE COND TYPF G-VALUE TO 

7 .121 E— 01 

C, 40 


26 HAS THE CSGMAX OF 8.71434F-01 
NODE TYPE ^ 

CoKt'boCTfttaOZ § 

2 DIFF 

24 DIFF 

25 DIFF 
9 DIFF 
B DIFF' 

26 OIFF 
16 DtFF 


^ 1+4-1" FoL-uotwX IB 
C5(yjaW C&L L lM 

/k/ to ru/ 


th-e rtesui-rr. o P 
EX&t-uTUnJ Bt-oC-K 


2 6.380E— 01 6.P51E-01 

40 LIN 3.500E-02 

47 LIN 1.100E-0 1 

48 LIN 5.390E-02 

49 LIN 4.230E-01 

50 LIN 2.880E-02 

51 LIN 3.550E-02 

52 LIN 2.400E-01 

3 4.433 E— 01 2.8116-01 

1 LIN 1 • 840E-01 

2 LIN 6.040E-01 

3 LIN B.250F-04 

4 LIN 1.840E— 0 1 

5 LIN 6. 040 E— 01 

4 1.56QE— 01 5. 935E-03 

6 LIN 2.620E 01 

7 LIN 9.500E-03 

6 LIN 9.310E— 02 
86 RAD 2.050E-10 

5 1.568E-01 5.935E-03 

7 LIN 9. 500E-03 
9 LIN 2.620E 01 

10 LTN 9. 31 OF— 0? 


1 DIFF 
22 DIFF 

16 niFF 
12 DIFF 
26 OIFF 

9 DIFF 
8 DTFF 

12 DIFF 

17 DIFF 
6 DIFF 

11 DIFF 
21 DIF^ 

11 DIFF 
5 DIFF 

14 DIFF 
14 DIFF 

4 DIFF 

12 DIFF 
14 DTPP 



3 



91-tf 


I 


TRW SYktEMS NUMERICAL DIF p f „ k 

TRmsiENT Fust ;;~ 

n S-oT T ,»**„ 


7 -*- 12 ^02 1.369E-02 


8 1 * 71D ' £ ~01 1.826E-02 


9 3 v 600 ^*02 5. 72 IE- 02 


10 5 -90nE-02 3.619E-01 


11 6 ‘ 7Q0E “0? 2 «402.E-Q3 


12 6 - 7 00^02 2.353E-03 


12 LIN 3 .220E oo 

if H? 2 *2Q0E-02 
M 7 ^«560E -02 
* ^350E-01 

88 if? 9 - 3 20E-01 

88 RAO 2*490 E— l 0 

, LIN ^.560E-02 
Tfi Mm 5 - 5 20E-02 
H? 2* 800E-04 

S Mm 3 * 522 ^ 00 

l; J-™ 2.010E-01 

ll M? 2 - 4 °0E-0l 
fiR M N I * 6 °0E 00 

7& M N U67 oe 00 

Vi r l J N 3-T00E-01 
76 LIN 3, 700E-01 
79 LIN 3,700E~OT 
90 RAD 2*010E-09 

17 Mm f- 520 *-02 

IB Mm J* 970 ^02 

IS Mm 2 * 350E-03 j 

M , L J* 3 *°30E~02 i 

5t , L J? 1-510B-SI 

In M N 3 *550E-02 

50 LJ« 3.820E-02 2 

fifi M2 3, 020E-0H 2 

66 LIN 3.310E- 0 2 2 

70 LIN 5.470E-02 f. 

In , LTV 2*630E-02 c 

M2 2* 850E~ 02 M 

22 Mm 5«330E-02 if 

02 M2 ?* B5 °M2 12 

02 tlN I.645E-02 29 

6 M? 1 * 8 ^0E-01 3 

6 LIN 2.62QE 01 f 

23 Mm 2 - 85 °0“D2 io 

|3 LIN 4.670F-01 f2 

f* M" 9.940E-01 M 

If Mn MssnM 04 13 

LXN U550E-02 21 

\ LIN 1-84OE-01 o 

9 LIN 2.620C SI I , 


SlNDfl 
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8-17 


5 INDA 


3 


TRH SYSTEMS IMPROVED NUMERICAL DIFFERENCING AMALY/FR 
TRANSIENT WAT ER/KHF?/ ETHANni FUSIBLE HEAT SINK 


13 1.330E-02 4.D22E-03 
14- 6 *6603- 02 6*0766-04 

15 5.280E-0I 4. 840E-03 

16 1.590E-01 3.847E-01. 

17 1.270E-02 1.932E-02 

18 1.590 F-02 7.191E-02 

19 6.010E-Q2 5.986E-02 


?? 

LIN 

2.350 E-02 

10 

DIFF 

24 

UN 

9. 940E—01 

11 

DIFF 

27 

LIN 

1.400E-04 

13 

DIFF 

32 

LIN 

1.550E-02 

21 

DIFF 

49 

LIN 

4.280E-0I 

9 

DIFF 

56 

LIN 

4.250E-01 

22 

DIFF 

59 

LIN 

1.066F-01 

23 

PIFF 

73 

LIN 

3, 2 5 OF- 02 

26 

DIFF 

77 

LIN 

3.750E-02 

27 

DIFF 

80 

LIN 

3.250E- 02 

28 

DIFF 

17 

LTN 

3.220F 00 

6 

DIFF 

16 

LIN 

2.800E-04 

8 

DIFF 

25 

L IN 

I .4008—04 

tl 

DIFF 

27 

LIN 

1.400E-04 

12 

DIFF 

28 

LIN 

8. 5 80E-02 

70 

DIFF 

29 

LIN 

2.8 10 E— 04 

16 

□ IFF 

R 

LIN 

a . 31 OF— 02 

4 

DIFF 

10 

LIN 

9.310E-02 

5 

D IFF 

21 

LIN 

5.330E-02 

10 

DIFF 

30 

LIN 

5.330E-02 

17 

DIFF 

31 

LIN 

1.091E 02 

15 

DIFF 

86 

RAD 

2.050E-I0 

4 

DIFF 

87 

RAO 

2.050E— 10 

5 

DIFF 

31 

LIN 

1.091E 02 

14 

DIFF 

11 

LIN 

8.250E- 04 

6 

DIFF 

IB 

LIN 

2.350E-03 

9 

DIFF 

29 

LIN 

2.8 10F-04 

13 

DIFF 

46 

LIN 

8.990E-02 

1 

DIFF 

48 

LIN 

5.390E-02 

2 

DIFF 

5? 

LIN 

9.500E-02 

22 

DIFF 

64 

LIN 

1 . 163E-01 

24 

DIFF 

72 

LIN 

5.480F-02 

26 

DIFF 

? 

LIN 

6.040E-01 

3 

DIFF 

30 

LIN 

5. 330E-02 

14 

OIFF 

17 

LIN 

6 .9708— 02 

9 

DIFF 

33 

LIN 

1.450E-0I 

31 

BOUN 

81 

LIN 

7.41 OE— 04 

29 

DIFF 

93 

RAD 

1.240E-! I 

31 

BCUN 

23 

LIN 

4.670F-0I 

11 

DIFF 

36 

LIN 

5.150E-01 

31 

BOUN 

83 

LIN 

B. 750E-04 

29 

DIFF 

85 

UN 

8.750E-04 

30 

DIFF 


IBM-360/75 VERSION, PHILLIPS PETROLEUM CO. 
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TRW SYSTEMS IMPROVED MUMFR ICAL DIFFERENCING ANALYZER 

transient water /khf 2 /ethanol fusible heat sink 


20 2.360F-02 R.770E-02 

21 1.270 E-02 1.B17E-02 

22 6*850 E— 01 5.424E-01 

23 5. 429 E— 01 2.332E-01 
- -24_J»9 4.6E- 01 6.960E-01 

25 9*'830E-01 4*012E-01 

26 9.506E-01 8 .7146-01 


91 

RAO 

4.410E-11 

31 

BOUN 

28 

LIN 

8.5 80E-Q2 

13 

DIFF 

39 

LIN 

I.764E-01 

31 

BOUN 

94 

RAD 

1.510E-11 

31 

BOUN 

5 

LIN 

6.040E-01 

3 

niFF 

13 

LIN 

2.200E-Q2 

7 

DIFF 

26 

LIN 

1.550E-0? 

11 

DIFF 

32 

LIN 

1.550F-02 

12 

DIFF 

84 

LIN 

4.1906-02 

30 

DIFF 

47 

LIN 

1.100E-01 

2 

DIFF 

53 

LIN 

5.000E-0I 

23 

DIFF 

54 

1 IN 

6.400E-02 

24 

DIFF 

55 

LIN 

3.090E— 02 

26 

DIFF 

56 

LIN 

4. 2506-01 

12 

DIFF 

57 

LIN 

9.500 E-02 

16 

DIFF 

58 

LIN 

3.B20F-02 

9 

OIFF 

53 

UN 

5.000E-0! 

22 

DIFF 

59 

LIN 

1.066E-01 

12 

OIFF 

60 

LIN 

2.450E-02 

26 

DIFF 

61 

LIN 

6. 700E-02 

25 

DIFF 

62 

LIN 

1.6 JOF 00 

8 

DIFF 

63 

UN 

3.020E-02 

9 

OIFF 

41 

LIN 

1.400E-02 

1 

DIFF 

54 

LIN 

6.400E-02 

22 

DIFF 

64 

LIN 

1. 163E-01 

16 

DIFF 

65 

LIN 

6.000E-01 

25 

DIFF 

66 

LIN 

3.310E-02 

9 

DIFF 

67 

LIN 

2.6B0E— 02 

26 

DIFF 


42 LIN 1.400E-02 1 OIFF 

61 LIN 6.700E— 02 23 DIFF 

65 LIN 6.000 E-0 I 24 DIFF 

68 LIN 1.670E 00 8 DIFF 

69 LIN 4.430E— 02 26 niFF 

70 LIN 5.470F-02 9 DIFF 

45 LIN 1.2’OE-O 2 1 DIFF 

50 LIN 2.80OE-O2 2 DIFF 

55 LTV 3.090E-02 22 DIFF 

60 LIN 2.450E-02 23 Of FF 

67 LIN 2.680E-02 24 DIFF 

69 LIN 4*430 E-02 25 DIFF 

71 LIN 4.660E-01 27 DIFF 

72 LIN 5.480F-02 t6 DIFF 
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•TRW SYSTEMS I MppnvED NUMERICAL DIFFERENCING ANALYZER 


S INOA 
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TRANSIENT WATER/K HF2/ ETHANOL FUSIBLE HEAT SINK 





73 

UN 

3.250E— 02 

12 

DIFF 




74 

LIN 

3.790E-01 

8 

DIFF 

27 

9. 506 E— 01 

7.123E-01 

71 

LIN 

4.660E-01 

26 

DIFF 




75 

LIN 

4.660E-01 

28 

DIFF 




If- 

LIN 

3.700E-01 

8 

DIFF 




77 

LIN 

3.25QE-02 

12 

DIFF 

28 

9.506E-01 

5.279E-91 

75 

LIN 

4.660E— 01 

27 

DIFF 




78 

LIN 

9.329F-01 

7 

0 IFF 




79 

LIN 

3 o700E-Ql 

8 

DIFF 




80 

LIN 

3.2 5 OE— 02 

12 

DIFF 

29 

1.140 E-02 

1.0496-01 

37 

LIN 

B.720E-02 

31 

SHUN 




81 

LIN 

7.41 OE— 04 

18 

DIFF 




82 

LIN 

1.645E-02 

10 

DIFF 




83 

LIN 

8.750E-04 

19 

DIFF 




92 

RAD 

7.470E-12 

31 

BDUN 

30 

1 .1406-02 

8.546F-02 

34 

LIN 

8.720E— 02 

31 

BC1UN 




84 

LIN 

4.190E-02 

21 

DIFF 




35 

LIN 

8.750E-04 

19 

DIFF 




89 

RAD 

7.470E— 1 2 

31 

BQUN 

* * 

* * 







TIME 

0.0 

OTIMEU 

0.0 


CSGMINC 

0) 



DTMPCCI 0) 0.0 ARLXCCt 0) 0.0 



l THRU 


5 

5 .OOOOOOE 

01 

5. OOOOOOE 

01 

5. OOOOOOE 

01 

5. OOOOOOE 

01 


5. OOOOOOE 01 


6 THRU 


10 

5* QOOQOOE 

01 

5. OOOOOOE 

01 

5. OOOOOOE 

01 

5. OOOOOOE 

01 


5. OOOOOOE 01 


11 THRU 


15 

5. OOOOOOE 

01 

5. OOODOOE 

01 

.5. OOOOOOE 

01 

5. OOOOOOE 

01 


5.000000E 01 


16 THRU 


20 

5.000000F 

01 

5. OOOOOOE 

01 

5. OOOOOOE 

01 

5. OOOOOOE 

01 


5»OOOOODE 01 


21 THRU 


25 

5. OOOOOOE 

01 

5 .OOOOOOE 

01 

5. OOOOOOE 

01 

5. OOOOOOE 

01 


5. OOOOOOE 01 


26 THRU 


30 

5. OOOOOOE 

01 

5. OOOOOOE 

01 

5. OOOOOOE 

01 

5.ODOOO0E 01 


5. OOOOOOE 01 

— 

31 THRU 


31 

0.0 










QRRA 

0.0 


QRTO 

0.0 

QCRA 

0.0 

octo 

0.0 






Cl 

0.27146E 

00 

C2 

0.63797F 00 

C22 

0.68504E 00 

C23 

0.542 92 E 00 






C24 

0.59456E 

00 

CPS 

0.98301E 00 

C26 

0.95056E 00 

C27 

0.95056E 00 






C28 

0.95056E 

00 

C3 

0. 44329E 00 

C4 

0.15675F 00 

C5 

0.15675 E 09 






C6 

0.42D96E-01 

G53 

0.20100E 00 

G62 

0.50000F 00 





' 



* * 

* 













TIME 

l.oooonF oo 

i OTIMEU 

5.00002F-02 CSGMTNl 

14) 6.D7658E— 94 

OTMPCCC 28) 

6. 

6B213E—01 ARLXCCI 

5) 

1.464B4E-03 


1 THRU 


5 

3. 557642E 

01 

3. 585941E 

01 

4.325879E 

01 

3.559595E 

01 


3.901025E 01 


6 ■ THRU 


10 

5.668652E 

01 

2.015356E 

01 

1.5939796 

01 

2.822119E 

01 


3.822S83E 01 


11 THRU 


15 

3. 547729E 

01 

3.390015E 

01 

5.6 86 98 7 E 

01 

4.568579E 

01 


4. 571655E 01 


16 THRU 


20 . 

4.322974E 

01 

4.361084E 

01 

9.1 68701F 

00 

1.677246E 

01 


1.8105716 01 


21 THRU 


?5 

4.059937F 

91 

3.990756F 

nt 

7.619428= 

ni 

4.032666F 

01 


2. 701 846F D1 


oz±a 




TRW SYSTEMS IMPROVED NUMERICAL DIFFERENCING ANALYJiFR - - SINOA — - IBM-360/75 VERSIONf PHILLIPS PETROLEUM CO. PAGE 


TRANSIENT WATER/KHP^/fcTr.Ai’e&L FUSIBLE H6 aT SINK 


6 THRU 10 

U THRU 15 

16 THRU 20 

21 THRU 25 

26 THRU 30 

31 THRU 31 

QRRA 0.97315F 01 QRTH 

Cl 0.59400E 01 C2 

C24 0.13010E 02 C25 

C2S 0.20890E 02 C3 

C6 0. 4.2090E - 01 G53 

A * * ± 


TIME l.OOOOOE 01 DTIM6U 
MOT>tTE> 


5.6499226 01 
1.5643556 01 
1.7691896 01 
1.735 522E 01 
l. 725806E 01 
0.0 

0.106946 03 OCR A 
0.13960F 02 C22 
0.21510E 02 C26 
0.97000E 01 C4 
0. 20100E 00 G62 


5.00002E-0? CSGMINl 


1 

THRU 

5 

1.708105E 

01 

6 

THRU 

10 

5.668555E 

01 

11 

THRU 

15 

1.5227786 

01 

16 

THRU 

20 

1 • 739771E 

01 

21 

THRU 

25 

1.718408E 

01 

26 

THRU 

30 

1.698169E 

01 

31 

THRU 

31 

0.0 ■ 



QRRA '0.95210E 01 QRTO 
XI . 0.5940QE .01 C2 
C24 0.13010E 02 C25 

C28 0.20800F 02 C3 

_C6 0. 42090E— 01 G53 

* * * * 

_TIHE 1.100006 01 DTIMEU 


0-11655E 03 QCRA 
0. 13960E 02 C22 
0.21510E 02 C26 
0.97000E 01 C4 
0.20100E 00 G62 


I.IR17B7E 01 
1*701563 F 01 
l*ai6113E 01 
1.758765E 01 
1.71 433 IE 01 


0.49354 F 02 OCTO 
0.14990E 02 C 23 
0 *208006 02 C27 
0.34300E. 01 C5 
C ,852866 00 


1.0203866 01 
5.671924F 01 
4.316650E 00 
1. 27761 26 01 
1.5115726 01 


0.542 08 E 03 
0. 11 8806 02 
0.20800F 02 
0.343 OOF 01 


l .3606696 01 
1.696167E 01 
7.3151 86E 00 
1.772168E 01 
2.325928E 00 


1.467993 E Ot 
1.696729E 01 
1 .812866.6 01 
1.399927E 01 
5.520752E 00 


6.07253E— 04 OTMPCCI 14] 

T E re./tT't/RL er*. 


3.417975-02 ARLXCCt 14) 3.90625E-03 

°P _ 


1.723267E 01 
1. 157373 E 01 
l. 661890E 01 
1.7950686 01 
1. 726416F 01 
1.682349E 01 

R/yOlAT/OtJ JLOS 
0.48362E 02 QCTO 

0-14990E 02 C23 

0.20800E 02 C27 

0.343006 01 C5 

0.88748E 00 


1.806055E 

9.987549E 

5.670581E 

4.230469E 

1.239551E 

i;470166E 


0.59088E 03 
0.11880E 02 
0 , 2OB00E 02 
0.34300 E 01 


1.526465E 01 
1.3334.72E 01, 
1.645996E 01 
7. 119873E 00 
1.741504E 01 
2.260742E 00 


1.66525^ 01 
1.427466E 01 
1.646509E 01 
1. 81 242 7 E 01 
1.35Q87VE 01 
5. 465576 E 00 


"*-*rorAL cpmvktiom lost, btu 
ritefiMAL 

Co A/D vCT7HJC£irs ^Cu), % TU /ttlZ- 0 F- 



5.00002E-02 CSGMINI 14) 6. 07166E-04 DTMPCCI 15) 2.31934E-02 ARLXCCI 141 3.41797E-Q3 


‘ 

1 

THRU 

5 

1.69 1274F 01 

V. 

6 

THRU 

10 

5.668213E 01 


11 

THRU 

15 

1.4Q6304E 01 


16 

THRU 

20 

1.708960E 01 

•s. 

21 

THRU 

25 

1.700049E 01 

■A, . 

26 

THRU 

30 

1.669727E 01 


31 

THRU 

31 

o.n 


QRRA 0.93233E 01 QRTO 

Cl 0. 59400E 01 C2 


0. 12596E 03 QCRA 
0. 13960 E 02 C22 


1.6930426 01 
1.133X056 01 
1. 625391E 01 
1. 772998E 01 
1.692358E 01 
1.649585E 01 


0.4743 46 02 QCTO 
Q.14990E 02 C23 


1.7B5229E 01 
9. 785400E 00 
5.670190E 01 
4.146484E 00 
1.206616E 01 
1.430176E 01 


0.63873 E 03 
0. 11880F 02 


1. 489502 E 01 
1.307397E 01 
1.60 2246 E 01 
6.9484B6E OD 
1. 70 830 IE 01 
2.205078E 00 


1.628271E 01 
1.3923 83 E 01’ 
1.602319E 01 
1.812329E 01 
1.306616E 01 
5.406982E 00 


B-21 


C2B : 

0.20800E 

02 

C3 

0.97000E 01 

C4 

0.343006 01 

C5 

0.3430DE 01 






C6 

Q.42090F-01 

G53 

0.20100E 00 

G62 

0.U482E 01 








* * 

* * 













TIME 

2.00000E 01 DTIMEU 

5* 00002F-02 CSGHINt 

14) 066106-04 

OTHPCCC 15? 

1 

•85547E— 02 ARLXCCt 14) 

5.37109E- 

33 

V 

1 THRU 


5 

1.440356F 

01 

1.41 4087E 

01 

1.5*i 233E 

01 

1.258203E 

01 

1.362 62 2E 

01 


. 6 THRU 


10 

5.6577886 

01 

9. 363037E 

00 

8. 307 12 9 E 

00 

1. 10 1025E 

01 • 

.. 1. 166333 E 

01 


ll THRU 


15 

1.256567E 

01 , 

1.3610356 

01 

5. 6 59 93 76 

oi 

1.338525E 

01 

1.338501F 

k 01 

* 

16 THRU 


20 

1.414111E 

01 

1.550122E 

01 

3. 49292 OE 

00 

5.872559E 

00 

1.809033E 

01 


21 -THRU 


25 

1.501245E 

01 

1.382544E 

01 

1. 000391E 

01 

1.370874E 

01 

1.038599E 

-01 


26 THRU 


30 

1 .3989506 

01 

1.349341E 

01 

1.135645E 

01 

1.845703E 

00 

4. 7753 91 E 

00 


31 THRU 


31 

0.0 










QRRA 

0.78672E 

01 

QRTO 

0. 20293E 03 

QCRA 

0<406306 02 

QCTQ 

0.10332F 04 






Cl 

0. 59400 E 

01 

C2 

0.139606 02 

C 22 

0.14990E 02 

C23 

0.UB80E 02 




. 1 


C24 

0* 13010E 

02 

C2 5 

• 0.21510E 02 

C26 

0.20800E 02 

C27 

0.208006 02 






C2*T 

' 0. 20800 E 

02 

C3 

' 0.97000E 01 

C4 

0.34300E 01 

C5 

0. 34300 E 01 






_C6 

0.-42090E- 

-01 

G53 

0.20100E 00 

G62 

0 .11737 F 01 









♦ * * > * 

TIME- 2.1 OOQOE 01 DTIMEU 5.00002E-02 CSGMINC 14) 6. 06556E-04 OTHPCCC 24) 1.80664E-02 ARLXCC? 14) 1.12305E-D2 


1.534497E 01 


1 . 236426 E 01 . 1.335962E 01 


l THRU 


5 


1.414087E 01 


1.383716E 01 


zz-a 



TRW SYSTEMS IMPROVED MOMERICAL DIFFERENCING ANALYZER - - SINDA - - IBM-360/75 VERSION, PHILLIPS PETROLEUM GO. ' PAGE 13 


TRANSIENT WAT ER/KHF2/ ETHANOL FUSIBLE HEAT SINK 



6 THRU 


10 

5.647607E 

01 

7.7641606 

00 

7.0454106 

00 

9.; 39941 E 00 

9. 783203 E 00 

!'* I>; 

11 THRU 


15 

1.0653816 

01 

i. 13 0542 E 

01 

5.6498786 

01 

l .'*£32916 01 

‘ 1.123096E 01 


16 THRU 


29' 

1*1474616 

01 

1.309009E 

01 

2.914551E 

00 

4. 98022.5 E 00 

1.80,57866 01 

i ' ‘ ■ , 

21 THRU 


25 

1.275903E 

01 

1.1206306 

01 

8.3999026 

00 

1.080566E 01 

8.5893556 00 

n j* ' ' 

26 THRU 


30 

1. 134106F 

01 

l. 0831 546 

01 

9.209717E 

00 

1.548828E OQ 

4.060059E 00 

IV 

31, THRU 


31 

0.0 








QRRA 

0.66 43 7E 

01 

QRTO 

0.268Q86 03 

QCRA 

0.348536 02 

QCTO 

0.137226 04 




Cl 

0. 59400E 

01 

C2 

0.13960E 02 

C22 

0.14990E 02 

C23 

0.118806 02 




C24 

0 .13010 E 

02 

C?5 

0.215106 02 

C26 

0.20BG0E 02 

C27 

0.208006 02 



■ * - ■ 

C28 

0. 208006 

02 

C3 

0.97909E 01 

C4 

0.343006 01 

C5 

0.343 GOE 01 





C6 0.42090 E—0 1 G53 0.20100F 00 G62 0-138O8E 01 


* * 

* * 











TIME 

3.00000E 01 OTIMEU 

5. 00002E— 02 CSGMINI 

14) 6.06088E-04 

DTMPCCC 14) 

1 

.80664E-02 ARLXCCl 143 

1.953136-03 


1 . 

THRU 

5 

i 

1.1850836 

01 

1.1 29492 E 

01 

•1.2393806 

01 

1.045923E. 01 

1.1Q7397E 01 


. h 

THRU 

10 

5.646460E 

01 

7.603027E 

on 

6.9104006 

00 

8. 9 98779 E 00 

9 . 5.82764E 00. 


U 

THRU 

15 

1.044653E 

01 

1 • 106274E 

01 

5. 648730E 

01 

1.099780E 01 

1.1000736 01 


16 

THRU 

20 

1.120679E 

01 

• 1.282170E 

01 

2.854004E 

00 

4. 883301E 00 

U805444E 01 


21 

THRU 

25 

1.250439E 

01 

1. 09*6536 

OL 

. 8,2319346 

00 

1.052856E 01 

. &.4.06982E. 00. 


26 

THRU 

30 

1.I06738E 

01 

1.056567E 

01 

9.001465E 

00 

1.517334E 00 

3. 979248 E 00 


31 

THRU 

31 

0.0 







. 

QRRA 

0 . 

65144E 01 

QRTO 

0.27465E 03 

QCRA 

0.34239E 02 

Qcfn 

0.14067E 04 




Cl 

. 0 . 

59400 E 01 

C2 

0.13960E 02 

C22 

0.14990E 02 

C23 

0.118G0E 02 



* . 

C24 

Oc 

1301 OE 02 

C25 

0.21510E 02 

C26 

0.20800 F 02 

C27 

O.2O800E 02 


• * * 

* 

C28 

0. 

20800 E 02 

C3 

0.970006 01 

C4 

0.34300F 01 

C5 

0.343 OOF 01 




C6 

0 . 

4209QE— 01 

G53 

0.20100E 00 

G62 

0.140186 01 




■ • *• 



4 = £ * 

TIME 3.100QQE 01 DTIMFU 5.00002E-02 CSGMINt 14) 6.06040E-04 DTMPCCt 15) 1.53809E-O2 ARLXCCI . . 14) . 3.9062 5£r 03 


QRRA 


1 

THRU 

5 

1.160718E 

01 

1.103564E 01 

1.262329E 

01 

1.025342E 

01 


1.0835456 01 

6 

THRU 

10 

5. 6453136 

01 

7.445068E 00 

6 .7771006 

00 

0.811768E 

00 


9.3894046 -00 

11 

THRU 

15 

1.0240726 

01 

1.0824226 01 

5.647607H 

01 

1.07 8711 E 

01 


1.Q78833E 01 ... . . . . 

16 

THRU 

20 

1 .0944586 

01 

1.2555X86 01 

2.7954106 

00 

4. 7B7109E 

00 


1.805103E 01 

21 

THRU 

25 

1.225049E 

01 

1.0691896 01 

8.065406E 

00 

1.025952E 

01 


8.227539E 00 

26 

THRU 

30 . 

1.079834E 

01 

1.030664E 01 

8. 79 834 OE 

00 

.1 .486328.E 

00. 


. _3,.897949E_QQ 

31 

THRU 

31 

0.0 








- 


0.638696 01 QRTO 0.28109E 03 QCRA 


0.33632E 02 Q:TO 


0.144066 04 



Cl 


0.59400F 01 C2 


0.13960P 02 C22 


0. 14990 F 02 C23, 


0.119806 02 


jEtEPKUa^UOiui^iXi .ui' xij. 

ORIGINAL PAGE IS POOR 



B-23 




r 


C28 

C6 


0.20800E 02 C3 
0.42090F-01 G53 


0.97000E 01 C4 
0.2QIOOE 00 G62 


0.34300 F 01 C5 


0.34300E 01 


— * * 

time 

* * 

4. OOOOOE 01 DTIHEU 

5. 00002E- 02 CSGMINt 

14J 6. 05606E-04 


1 THRU. 5 

6 THRU 10 

11 THRU 15 

16 THRU 20 

21 THRU 25 

26 THRU 30 

31 THRU 31 

9.546631E 00 
5.6 36816E 01 
8.420898E 00 
8.823730E 00 
1.004517E 01 
8.610 164E 00 
0.0 

8.908447E 00 
6.138184E 00 
8.T99072E 00 
1.025415E 01 
8. 63501 OE 00 
8. 2390 14E 00 

QRRA 

0.-53033E 01 QRTO 

0.33354 E 03 QCRA 

0.28440E 02 QCTO 

| -Cl — _ 0. 59400 E 01 C2 

0.13960E 02 C 22 

0.14990E 02 C23 

C24 

0. 13010E 02 C25 

0.21510E 02 C26 

0.20800E 02 C27 

C28 

0.20800E 02 C3 

0.97000E 01 C4 

0.34300E 01 C5 

X6 

0.42090E-01 G53 

0.20100E 00 G62 

0*1 5926 E 01 

time 

4.10000E 01DTI.MEU 

5.00002E-02 CSGMINt 

14) 6. 05560E-04 


1 THRU 5 

9 .3337403 00 

8.695801E 00 


14) 1.65016F-02 ARLXCC) 14) 1.95313E-03 


1.030005E 01 
5.634766E 00 
5. 63925 8F 01 
2.295654F 00 
6.653564E 00 
7 • 157471E 00 

0.17193F 04 
O.liaSOE D2 
0.20800E 02 
0.343 ODE 01 


8.429688F 00 
7*23 852 5E 00.. 
8. 814697E 00 
3.937012E 00 
3.183838E-O0 
1.216553E 00 


8.807129E 00 
7.6B6279E OQ 
8.816895E 00. 
I.802393E 01 
6 *7441413 00 
3.196777E 00 


14) 6.0S560E-04 DTMPCCC 151 1.44043E-02 ARLXCCL .14) .. 2.19727E- 

L.005396F 01 


03 


8.245361E OD 


B.600586E 00 


k 












i 
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6 

THRU 

10 

5.629150E 

01 

4 • 138428F 

00 

4. 169189E 

00 

5. 561279F 00 

6. 099121 E 

00 



11 

THRU 

15 

6.730273F 

00 

6.950929E 

00 

5.631689E 

01 

7 .050293 E 00 

7.049B05E 

00 



16 

THRU 

20 

6.912842E 

00 

8 . 198730E 

00 

1. 764404E 

00 

3. 170898E .00 

1.800024E 

01 



21 

THRU 

25 

8.042969F 

00 

6.747559E 

00 

4.923828E 

00 

6.234863E 00 

4.810303E 

00 



26 

THRU 

30 

6.730225E 

00 

6. 350830E 

00 

4. 793213E 

00 

9.660645E-01 

2.560547E 

00 



31 

THRU 

31 

0.0 _ 






• • 



l 

QRRA 

0. 

3900 IF 01 

QRTO 

0.37517E 03 

QCRA 

0.21B56E 02 

OS TO 

0.19466E 04 





ns* 

Cl 

0 . 

59400E. 01 

C2 

0.13960E 02 

C22 

0.14990 E 02 

C23 

0.54292E 00 


. 




-C24 

0. 

13Q10E 02 

C25 

0.98301E 00 

C26 . 

0.20800E 02 

C27 

0.20800E 02 . 





r : 

C28 

0 . 

95056F 00 

C3 

0.97000F 01 

C4 

0.34300F 01 

C5 

0 .34300 E 01 





^ \ 

■* w »r 

C6 

0 . 

42090E— 01 

G53 

0.20100E 00 

G62 

0.17350E 01 








* • 

TIME 5.00000F 01 OTIMEU 5.00002E-02 CSGMINC 14) 6. 05I64F-04 OTMPCCC 27) I.I4502E-01 ARLXCCl 14) 1.293955-02 


QRRA 0. 

Cl.-.. , 0. 

C24 0. 

C2B 0. 

C6 . 0. 

* * * * 


1 

THRU 


5 

7. 43 530 3E 

00 

6, 833984E 

00 

8.01P207E 

00 

6.601074E 

00 

6.753906E 

00 

6 

THRU 


10 

5.628345E 

01 

3. 895752E 

00 

3.8'8652E 

00 

5.158691E 

00, . 

5.896973E 

00 

11 

THRU 


15 

6.593994E 

00 

6.745361E 

00 

5.^ 30859E 

01 

6. 852783E 

00 

6. 851074E 

00 

16 

THRU 


20 

6. 483643E 

00 

7.981445E 

00 

1.642578E 

00 

3.083740E 

00 

1.799 75 6E 

01 

21 

THRU 


25 

7.830811E 

00 

6.537842E 

00 

4.660400E 

00 

4. 95263 7E 

00 

4.317627E 

00 

26 

THRU 


30 

6-515381E 

00 

5.512939E 

00 

• 4.506592E 

00 

9.343262E^01 

2.492920E 

00 

31 

THRU 


31 

0.0 













0. 

36321E 

01 

QRTO 

0.37896E 

03 

QCRA 

0.20620E 

02 

QCTD ' 

0.19679E 

04 






0 . 

59400E 

01 

C2 

0.13960 E 

02 

C22 

0.14990E 

02 

C23 

0* 542 92 ,E 

OQ 



) 

— .. 


0. 

“59456E 

00 

C25 

0.98301E 

00 

C26 

0.20800E 

02* 

C27 

0.95056E 

00 






0. 

95056E 

oo 

C3 

0. 97000 E 

01 

C4 

0.34300E 

01 

C5 

O.343O0E 

01 






0. 

42090E-01 

G53 

0.20100E 

00 

G62 

Q.17350E 

01 







: - 



2g 

I! 

Cf 

se 


GO r-v 

g® 


c -• 

TIME 

5.1QOOOE 01 

. OTIMEU 

5.00002E-02 C 

C*MIN l 

14) 6.05117E-04 

OTHPCCt 281 

1 

•7578 IE— 02 ARLXCCt 20) 

1.46484E— 03 


• 

1 

THRU 


5 

7.201416E 

00 . 

6. 61 5723 F 

00 

7.791016E 

00 

6. 414551E 00 

6.5I4404E 00 ~ 

L. ; : . 


6 

THRU 


10 

5. 626587E 

01 

3.334229E 

00 

3 •‘553223E 

00 

4. 857422 E 00 

5.670898E 00 ' 



11 

THRU 


15 

6.406982E 

00 

6.505615E 

00 

5.629126E 

01 

6.632568E 00 

6,63623GE QO^.- * L... 



16 

THRU 


20 

6. 157715E 

00 

7.760742E 

00 

1.543701E 

00 

2.996826E 00 

1.799170E 01 



21 

THRU 


25 

7.6U328E 

00 

6.299561E 

00 

4.348877F 

00 

4 .510010E 00 

3.935059E 00 



26 

. THRU 


30 

6.213623E 

00 

4.729248E 

00 . 

3.849854E 

00 

8,986816^1 ' 

2.-4226Q7E- Q0 _. r . . . . 

. " 


31 

THRU 


31 

0.0 






* 



QRRA 

0. 

33211E 

01 

QRTO 

0.38240E 03 

QCRA 

0.19195E 02 

QCTCI 

0.19877E 04 





Cl 

0. 

59400F 

01 

C2 

0.13960E 02 

C22 

0.14990E 02 

C23 

0.542 92 E 00 
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up CASE QH* * iSZJO’&Tt/ifA. 


BCD 3THFRMAL LPCS 

BCD 9 TRANSIENT W AT ER'/K HF? /FT HANOL FUSIBLE HEAT SINK 
BCD 9 WARM-UP CASE FUSIBLE HEAT SINK 
END . . 

BCD 3 NODE DATA 

CGS 1. 50. ,Al‘,5.94 $ LIQUID AROUND PUMP 

CGS 2,50.,A1, 13.96 $ LIQUIO AROUND PUMP 

CGS 3, 50., A1 ,9.7 $ LIQUID BELOW BATTFRY 

CGS 4,50. *A 1,3.43 $ LIQUID AROUND BLADDER 

CGS 5,50. ,A1, 3.43 $ L IQUID AROUND BLADDFR 

6*50. ,.168 ' $ INSULATION AROUND SIDF OF MOTOR SECTION 

7. 50. . .0212 $ METAL S/S BOTTOM BELOW MOTOR 

8, 50*,. 171 $ METAL S/S SIDE MOTOR SECTION 

9. 50.. . 036 $ MFTAL S/S TOP MOTOR SECTION 

10. 50. . .059 $ METAL S/S TOP BATTFRY SECTION 

11,50. ,.067 S METAL S/S OVTER SIDE BATTERY SECTION 

12.50.. .067 $ METAL S/S INNER SIDE BATTERY SECTION 

13. 50.. . 0159 $ INSULATION AT BOTTOM OF MOTOR SECTION 

14.50. . .0666 5 MFTAL S/S AROUND BATTERY 

15. 50. . .528 * BATTERY 

16. 50.. .159 $ PUMP/MOTOR 

17.50.. . 0127 $ METAL S/S BOTTOM OF 8ATTERY 

18.50.. .0159' $ INSULATION ATOP MOTOR SECTION 

19.50.. .0601 $ INSULATION SIDE OF BATTERY SECTION 

_20, 50., • 0322 S FLUID IN PUMP 1 IN3 

21.50.. .0127 $ METAL BOTTOM OF BATTERY SECTION 

CGS 22,50. ,A1, 14. 99 * LIQUID AROUND PUMP 

CGS 23*50. ,A1, 11. 8R S LIQUID AROUND PUMP 

CGS 24,50. ,A1 ,13.01 I LIQUIO AROUND PUMP 

CGS 25»50*,Ai,2I*51 S LIQUID AROUND PUMP 

CGS 26,50.*Al,20.8 6 LIQUID BELOW PUMP 

CGS 27,50. ,Al*20. 8 i LIQUID BELOW PUMP 

CGS 28,50.»A1, 20. 8 $ LIQUID BELOW PUMP 

29.50.. .0114 * INSULATION ATOP BATTERY SECTION 

30. 50.. . 0114 S INSULATION ON BOTTOM OF BATTERY SECTION 

31. 50. . .161 $ FLUIO IN OUTSIDE CIRC LOOP 5 IN3 

-100,70., 1. $ ENVIRONMENT , 

END 


RELATIVE NODE NUMBERS ACTUAL NODE NUMBERS 


, 

.1 thru 

10 

1 

2 

3 

4 

5 

6 

7 - 

8 

9 

10 


u. THRU 

20 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


21 THRU 

30 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

L. . 

31 THRU 

32 

31 

100 










L. BCD 3C0NDUCT0R DATA 

"'* r ' REM NOTE CGS CONDUCTOR CONSTANT VALUES FOR K=.375BTU-FT/HR-PT2-F 
I' *' REM K=1 .3 BTU-FT/HR-FT2-F AT 6. 2F 

‘ • REM K* .375 BTU-FT /HR— FT 2-F AT 18.8F 

CGS 10,3, 12, AB,. 184 
CGS 11, 3, 17, A8, .604 
CGS 13,3, 11, A8,. 184 
1 “ ~CGS 14,3, 21, A8, .604 

CGS 15,4,11, AB, 26. 2 
-V ' CGS 16,4, 5,A8,9.5E-3 

CGS 17,4* 14, A8, .0931 
CGS 15,5, 12, A8, 26. 2 
CGS 19,5, 14,A8,. 0931 





22 ,7,21 » * 022 
23*7* 8,. 0456 
24.8*9, *0552 
£6 *9,18, .0697 
27*9* 16,2*35E-3 
28*9*10, .0363 
29,10,11**0285 

30.10.14.. 0533 

31.10. 12. . 0285 
32tlltl9,*467 


$ CONDUCTANCE THRU PTFCE PLASTIC 


33, 

Hi 

12, . 

.994 

35, 

Hi 

.21,. 

.0155 

39, 

14, 

rl7*. 

, 0533 

40, 

14, 

15, 

109*1 

41, 

21 1 

rt2,. 

.0155 


£ CONDUCTANCE FLUID AROUND PUMP TO PUMP 


REM” CONDUCTANCES FOR CONVECTION AT 1G 

42. 100. 13. . 145 $ NATL CONV TO INS 

43 .100. 30. . 0872 

44*100,6,1.174 $ NATL CONV TO INS 

45.100.19. . 515 
46,100,29,* 0872 

Jtfi IQfl* 145 . 

REM END CONDUCTANCES FOR 1G EXTERNAL CONVECTION 

CGS 49, 1,2, A8,. 035 

CGS 50,1, 24, A8, .014 

CGS 51,1,25, A8,. 014 

CGS 52,1, 9,A8,. 0151 

CGS 53,1, 8, A8, 1.467 

CGS 54, 1,26, A8,. 0122 

CGS 55,1,16, A 9,. 0899 £ CONDUCTANCE FLUID AROUND PUMP TO PUMP 

.CGS 56,2 , 22, A8, *11 

CGS 57, 2* 16, AlO, • 053 9 £ CONDUCTANCE FLUID AROUND PUMP TO PUMP 

CGS 58, 2, 12, A 8,. 428 

CGS 59,2,26, A0*. 0288 

CGS 60, 2, 9, A8,. 0355 

CGS 61,2, 8, A8, *24 

CGS 62,22 ,23 ,A8,.5 

CGS 63, 22, 24, A 8,. 064 

CPS 64, 22, 26, AB, *0309 

CGo 65,22, 12, A8,. 425 

CGS 66,22, 16,All, .095 $ CONDUCTANCE FLUID ARCUND PUMP TO PUMP 

CGS 67,22 ,9*A8,. 0382 

CGS 68,23, 12, A8,. 1066 

CGS 69, 23, 26, A8, .0245 

CGS 70, 23. 25, Afl , *067 

CGS 71,23, 6>AB, 1.6 

CGS 72, 23, 9, A8, .0302 

CGS 73,24, 16, A12,. 1163 £ CONDUCTANCE FLUID AROUND PUMP TO PUMP 

CGS 74, 24,25, A8, .6 

CGS 75,24,9, A8,. 0331 

CGS 76, 24*26, AB,* 02 68 

CGS 77,25, 8, A 8, 1.67 

CGS 78, 25, 25, A8,. 0443 

CGS 79, 25, 9, A8, -0547 

CGS 90,26,27, AR, .466 

CGS 8li26,16,A8,*0548 

CGS 82, 26, 12, A8, .0325 

CGS. 83,26,8, A8, .37 

CGS 84, 27*28, A8,. 466 

CGS 85,27, R,A8, .37 

CGS 86,27, 12, A8,. 0325 




8E-a 




CGS 87,28,7,A8, .93? 

CGS 88,28, Pt A8 t *37 
CGS 89,28, 12, A8,. 0325 
90,18 t 29,?.41F-4 

91.29.10.. 01645 

1 92* 19,29, S.75E— 4 

93.30.21. . 0419 
94,30,19,8.755-4 

REM ONE WAY CONDUCTORS 

11.0, -20,31,-31 , 3 ,-3 , 28 ,-28,27,-27, 26, 192- 

111,-26,2,-2, 1 »-l , 25 ,-25 ,23,-23 ,22 ,-22 ,24,-24 , 20, 192 • 1 
116,16,20,3-27 $ CONDUCTANCE PUMP TO PUMPED FLUID 

117,6, 13,1. 59E-3. £; CONDUCTANCE IN INSULATION 

"il8, 6, 18,1. 59E-3* £ CONDUCTANCE IN INSULATION 

119,6,19, 1.92E-3 & CONDUCTANCE IN INSULATION 

*120,13,30^7-415-4 $ CONDUCTANCE IN INSULATION 
" 121, 6, 8, -563 £ INS TO CAN 

122.7.13. . 0696 * INS TO CAN 
REM RADIATION CONDUCTORS 

‘ -100,4,14,2.05F-10 
—101,5,14 ,2.05E— 10 

-102, 100,13.,- 1245-10 $ INSULATION E= *05 
—103 ,100,30, • 074 7 E- 10 £ INSULATION E-.Q5 

- 104, 100, 6, 1* OE- 10 £ INSULATION E» -05 

-105, 100, 19, .4415-10 £ INSULATION E=.05 

-106,100,29, ..07475-10 $ INSULATION E-.05 

-107, 100, 78,. 1245-10 $ INSULATION E=-05 

END 


R5LAT T VF CONDUCTOR NUMBERS- 


THRU 

10 

10 1 

11 

13 

14 

Thru 

20 

23 , 

24 

26 

27 

THRU 

30 

35 

39 

40 *■ 

41 

THRU 

40 

49 

50 

51 

52 

THRU 

50 

59 

60 

61 

62 

THRU 

60 

69 

70 

71 

72 

THRU 

70 

79 

80 

81 

82 

THRU 

80 

89 

9Q 

91 

92 

THRU .. 

90 

118 

119 

120 

121 

THPU 

93 

105 

106 

107 



BCD 3C0NSTANTS DATA 

TIMEND,3 . , OUTPUT , .25 
OTIMEI ,. 01 
MLnOP,3000 

9RLXCA,.05,A&LXCA,.05 

FND 

BCD 3APRAY DATA 

I, -50.,. 0457, 6. 19,. 0457,6. 20, 1.0 
100. , . 0457, FND 

— 4",C1 ,C2,C22, C23, FND 
— 5,C24,C25, C26,C27, END 
-6,C28,C3,C4,C5,FND 
—7 ,C6 ,G53 , G62 , FND 

REM NHTF CHANGE IN AORAY DATA 3 THRU 

8, -50.,3.47,6.20,3*47,18.3 f )»1.0, 

9, -50., 1.36, 6. 293, 1.36, 19. 80, 1.0 

10 , -50., 2*03, 6. 200, 2. 03, 18. 80,1. 

II , -50., 1.78* 6. 200, 1.78, 18.80,1. 
12, -50., 1.60, 6. 2 00, 1.60, 18. BO, 1. 

END 


,18.79, l. 0,18.8, .0457 


12 

100. ,1.0, FND 
« 100. » 1.0, FND 
0,100. ,1.0, END 
0,100. ,1-0»END 
,0,100. ,1.0, END 





FLO W CTP A&, 






, .. i 





■ •, 

V 

\l CONDUCTOR NUMBERS 

■ - - 

- 

i 

• • 

" 

15 

16 

17 

IB 

19"'' 

22 

■p%- - 

28 

29 

30 

31 

32 

33 

- tf- - 



42 

43, 

,44 

45 

46 

r *l . 

53 

54 

55 

' 56 

57 

58 

63 

64 

65 

66 

67 

68 

73 

74 

75 

76 

77 

78 

83 

84 

65 

86 

87 

88 

o 

93 

94 

no 

111 

116 

117 

- V*1 

122 

100 

lot 

102 

. 133 

104 

n ' 
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p i 

«CD 3EXECUTT0N 
DIMENSION Xf 2 0G> 
NDIM=200 
. . NTH=0 

REM SET T C l ) TO 6. 2F 
DO 10 1=1,31 
TUJ=T(I)-43.8 
10 CONTINUE 

CSGDHP 

CNFW8K 

END 


BCD 3 VAR TABLES 

1 



VARCSH t.T 

1»C 

L,A1, 

5-94) 

VARCSMCT 

2,C 

2, Al, 

13.96) 

VARCSHCT 

3 ,C 

3,A1, 

9.7) 

VARCSMIT 

4,C 

4, Al, 

3.43) 

VARCS MCT 

5,C 

5, Al, 

3-43) 

VARCSMCT 

22 ,C 

22 i Al, 

14.99) 

VARCSMIT 

23, C 

23, Al, 

11.83) 

VARCSMCT 

24, C 

24, Al, 

13.01) 

VARCSMCT 

25, C 

25, Al, 

21.51) 

VARCSMCT 1 

26, C 

26, Al, 

20.8) 

VARCSMCT 

27, C • 

27, Al, 

20.81 

VARCSMCT 

28, C 

28, Al, 

20.8) 

VARGSMCG 

10, T 

3,T 

12, AB, .184) 

VARGSMCG 

11, T 

3,T 

17,AB , .604) 

VARGSMCG 

13, T 

3,T 

ll,A8,. 184) 

VARGSMCG 

14, T 

3,T 

21, AB, .604) 

VARGSMCG 

15 ,T 

4,T 

11, A8, 26.2) 

VARGSMCG 

16»T 

4,T 

5, A8,9. 5E-3) 

VARGSMCG 

17, T 

4,7 

14, A8, .0931) 

VARGSMCG 

18, T 

t»,T 

12, A 8 , 28 . 2 ) 

•VARGSMCG 

19, T 

5,T 

14, A8 , -0931 ) 

VARGSMCG 

49, T 

1,T 

2 , AB ,-035 ) 

VARGSMCG 

50, T 

ItT 

24,A8,-014) 

VARGSMCG 

51, T 

1 ,T 

25, A8, -014) 

VARGSMCG 

52, T 

1 »T 

9 fAB?- 0151 ) 

VARGSMCG 

53, T 

1 » T 

8, AB, 1.4671 

VARGSMCG 

54, T 

1 ,T 

26, AB, .0122) 

VARGSMCG 

55, T 

1,T 

16, A9,. 0899) 

VARGSMCG 

56, T 

2,.T 

22, A8 , -11 ) 

' VARGSMCG 

57, T 

2,T 

16 ,A10 , -0539 ) 

VARGSMCG 

58, T 

2,T 

12, A8 ,-428) 

VARGSMCG 

59, T 

2 ,T 

26, A8, -0288) 

VARGSMCG 

60, T 

2,T 

9 ,A8,- 0355 ) 

VARGSMCG 

61, T 

2.T 

8 , A 8 , • 24) 

VARGSMCG 

52, T 

22, T 

23, A8,-5) 

VARGS M CG 

63, T 

22, T 

24, A 8, • 064) 

VARGSMCG 

64, T 

22, T 

26, A8,. 0309) 

VARGSMCG 

65, T 

22, T 

12, A8 , -425) 

VARGSMCG 

66, T 

22, T 

16, All, -095) 

VARGSMCG 

57, T 

22 ,T 

9, A8, -0382 ) 

VARGSMCG 

68, T 

23, T 

12, A8, -1066) 

VARGSMCG 

69, T 

23, T 

26, A8r-0?45) 

VARGSMCG 

70, T 

23, T 

25, A8, .067 ) 

VARGSMCG 

71, T 

23, T 

8, A 8, 1 . 6) 

VARGSMCG 

72, T 

23, T 

9, A8,. 0302 I 

VARGSMt.G 

73, T 

24, T 

16 ,A12 ,. 1 163 ) 

VARGSMCG 

74, T 

24, T 

?5* A8» • 6) 

VARGSMCG 

75, T 

24, T 

9, AB, .0331 ) 

VAPGSMCG 

76 ,T 

24, T 

26, AB ,- 0268 ) 






u- u. U- fu. u. u-j 


’ Jft « 
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TRW SYSTEMS IMPROVED NUMERICAL DTFF C RFNC I MG ANALYZER. - - SINOA - - IBM-360/75 VERS f ON* PHILLIPS PETROLEUM CDi PAGE 


TRANSIENT WATER/KHF2 /ETHANOL FUSIBLE HEAT SINK WARM-UP CASE FUSIBLE HEAT SINK 

* * * * 

TIME b.O DTIMEU 0.0 CSGMINt 01 0.0 DTMPCC1 01 0.0 ARLXCCt 


, I THRU 5 6.200012E 00 6.200012F 00 6.200012E 00 

6 THRU 10 6.200012E 00 6.200012E 00 6.200012E 00 

11 THRU 15 6.200012E 00 6.200012E 00 6.290012E 00 

16 THRU 20 6 • 200012F 00 6.200012E 00 6.200012E 00 

21 THRU 25 6.200012E 00 6.200012F 00 6.200012F 00 

f 26 THRU 30 6.200012E 00 6.200012E 00 6.200012E 00 

31 THRU 32 6.200012E 00 7.000000E 01 

Cl 0.594Q0E 01 C2 0.13960F 02C22 0.14990E 02 C23 0.11880E 02 

C24 0. 13010E 02 C25 0.21510E 02 C26 0.20800F 02 C27 0.20800E 02 

• C28 0.20800E 02 C3 0.970n0E 01 C4 0.34300E 01 C5 0.34300E 01 




C6 0. 16800E 30 G53 0.50905E 01 G62 0.17350F 01 

A 31 NODE PROBLEM USING LPCS 

NODE 20 HAS THE CSGMIN OF 1.64900 E-04, NODE 10 HAS THE CSGM6X OF 3.61852E-Q1 

NODE C-VALUF CSG- VALUE COND TYPE G-VALUE TO NODE TYPE 

1 5.940E 00 3'.007E-0? 

31 LIN 1.214F-01 2 DIFF 

32 LIN 4.858E-02 24 DIFF 

33 LIN 4.858E-02 25 DIFF 

34 LIN 5.240E-02 9 DIFF 

35 LIN 5.090E 00 8 DIFF 

36 LIN 4.233E-02 26 DIFF 

37 LTN 1.2Z3E-01 16 DIFF 

78 LIN 1.920E 02 2 DIFF, ONE WAY CONDUCTOR 

2 1.396E 01 7.153E-02 

31 LIN 1.214E-01 I' DIFF 

38 LIN 3.817E-01 22 DIFF 

39 LIN 1.094E-01 16 DIFF , . . 

40 LIN 1.485E 00 12 DIFF 

41 LIN 9.994E-02 26 DIFF 

42 LIN 1« ( 232E-01 9 DIFF 

43 LIN 8.328E-01 8 DIFF 

78 LIN 1 .920 E 02 26 DIFF, ONE WAY CONDUCTOR 

3 9.700E 00 4.912E-02 . 

1 LIN 6.385E-01 12 DIFF ' 

2 LIN 2.096E 00 17 DIFF 

3 LIN 6.385E- 01 11 DIFF 

’ 4 LIN 2.096E 00 21 DIFF 

77 LTN 1.920F 02 31 OIFF, ONE WAY CONDUCTOR 

4 3.430E 00 3.755E-02 

5 LIN 9.091E 01 11 DIFF 

6 LIN 3.296E-02 5 DfFF 

7 l IN 3.231E-01 14 DIFF 

86 RAD 2.050E— 10 14 DIFF 

5 3.430E 00 3.755E-02 

6 LIN 3.296E-02 4 DIFF 

8 LTN 9.091E 01 12 DIFF 

9 LIN 3.231F-01 14 DIPT 


6.20Q012E 0.0 
6.200012E 00 
6.200012E 00 
6.2000I2E 00 
6.200012E 00 
6.200012E 00 


6*200012E 00 
6.200012E 00 
6.200012E 00 
6._2.a00125 gp 
6.200012E 00 
6.200D12E 00 


U V 

TRW SYSTEMS IMPROVED NUMERICAL DIFFERENCING ANALYZER 
TRANSIENT WATER /KHF2/ETHANHL FUSIBLE HEAT SINK 






87 

RAO 

2.050E-10 

14 

OIFF 

* 

6 

l •680F—01 

9.376E-02 










27 

LIN 

1.1 74F 00 

3? 

BOUN 





80 

LIN 

1.590E-03 

13 

DIFF 





81 

LIN 

1. 590E-03 

18 

OIFF 





82 

LIN 

U920E-03 

19 

OIFF 





84 

LIN 

5.630E-01 

B 

OIFF 





90 

RAO 

I.OOOE-IO 

32 

BOUN 


7 

2.120E-0Z 

6.288E-03 

10 

LIN 

2.200F-02 

21 

DIFF 





ll 

LIN 

4.56QE— 02 

8 

DIFF 





69 

LIN 

3.234E 00 

28 

DIFF 





85 

LIN 

6. 96QE-02 

13 

OIFF 

V 

8 

1 •710E-01 

7.B49E-0? 

11 

LIN 

4.560E-02 

7 

DIFF 





12 

LIN 

5.520E-02 

9 

DIFF 

■}' 




35 

LIN 

5.090E 00 

1 

DIFF 

« 




43 

LIN 

8.323E-01 

2 

DIFF 



■ , 


53 

LI.N 

5.552E 00 

23 

DIFF 

/ 




59 

LIN 

5.795E 00 

25 

DIFF 

ji 




65 

LIN 

1.284E 00 

26 

DIFF 





-67 

LIN 

1.284E CO 

27 

DIFF 





70 

LIN 

1.284E 00 

28 

OIFF 

p 




84 

LIN 

5.630E-01 

6 

OIFF 

:i to 

-! i 

9 

3.$00E-02 

4 • 086E-02 

12 

LIN 

5.520E-02 

8 

DIFF 

o» 

ro 




13 

LIN 

6.970E-02 

18 

DIFF 





14 

LIN 

2.350E-03 

16 

DIFF 





15 

LIN 

3.630E-02 

10 

DIFF 

j 




34 

LIN 

5.240E-02 

1 

D?FF 





42 

LIN 

1.232E-01 

2 

DIFF 





49 

LIN 

1.326E-01 

22 

DIFF 





54 

LIN 

1.048E-01 

23 

DIFF 





57 

LIN, 

1.149E-01 

24 

DIFF 

! " * 




61 

LIN' 

1.898E-01 

25 

DIFF 

! • 

10 

5.900E-02 

3.619E-01 

15 

LIN 

3.630E— 02 

9 

DIFF 

f 




16 

LIN 

2.850E-02 

11 

DIFF 

j 




17 

LIN 

5.330E-02 

14 

DIFF 

i 




18 

LIN 

2.850E-02 

1? 

DIFF 

i 

•| 




73 

LIN 

1.645E-02 

29 

DIFF 

l-i 

1 

11 

6.700E-02 

7.200E-04 

3 

LIN 

6.385E-01 

3 

DIFF 





5 

LIN 

9.091E 01 

4 

DIFF 

i 




16 

LIN 

2. 850E-02 

10 

OIFF 

i 




19 

LIN 

4.670E-01 

19 

DIFF 





20 

LI*N 

9.940E— 0 1 

'12 

DIFF 





21 

LIN 

1.550E-0^ 

21 

OIFF 


12 

6* 700E— 02 

6.960E-04 

t 

LIN 

6.385E-01 

3 

DIFF 


S INOA 


2 


- - IRM— 360/75 VERSION, PHILLIPS PETROLEUM CO. PAPE 

WARM-UP CASE FUSIBLE HEAT SINK 
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TRW SYSTEMS IMPROVED NUMERICAL DIFFERENCING ANALYZER 


TRANSIENT MATE R/KHF 2 /ETHANOL FUSIBLE HEAT 


13 1.590E-02 7.127E-02 


14 6.660E-02 6.054E-04 


15 5.280F-01 4.840E-03 


16 1.590 E-01 3.927F-02 


17 1.270 E-02 5.9G9F-G3 


18 1.590F-02 7.124F-0? 


19 6. 010 E-02 5.965 E-02 


p 

LIN 

9.091E 01 

5 

DIFF 

18 

LIN 

2.850E-02 

10 

DIFF 

20 

LIN 

9.940E-0I 

11 

DIFF 

24 

LIN 

1.550F-02 

21 

DIFF 

40 

LIN 

1.485E 00 

2 

DIFF 

47 

LIN 

1.475E 00 

22 

DIFF 

50 

LIN 

3. 699 E-01 

23 

DIFF 

64 

LIN 

1.128E-01 

2-> 

DIFF 

68 

LIN 

I. 128 E- 01 

27 

DTFF 

71 

LIN 

1.120E-O1 

28 

DIFF 

25 

LTM 

1 450E-01 

32 

BOUN 

80 

LIN 

I.590E-03 

6 

DIFF 

83 

LIN 

7. 4'IOF— 04 

30 

DIFF 

85 

LIN 

6. 960 E-0 2 

7 

DIFF 

88 

RAD 

1.240E-1I 

•32 

BOUN 

7 

LIN 

3.231E— 01 

4 

DIFF 

9 

LIN 

3.231E-01 

5 

0 IFF 

17 

LIN 

5.330E— 02 

to 

DIFF 

22 

LIN 

5.330E-02 

17 

DIFF 

23 

LIN 

1.091E 02 

15 

DIFF 

86 

RAD 

2.050E— 10 

4 

DIFF 

87 

RAD 

2.050E-10 

5 

DIFF 

23 

LIN 

1.091E 02 

14 

DIFF 

14 

LIN 

2.350E-03 

9 

DIFF 

37 

LIN 

1.223E— 01 

1 

DIFF 

39 

LIN 

1. 094E-01 

2 

DIFF 

48 

LIN 

1.691 E— 0 1 

22 

DIFF 

55 

LIN 

1.861E-01 

24 

OIFF 

63 

LIN 

1.902E-01 

26 

DIFF 

79 

LIN 

3.270E *00 

20 

DIFF 

2 

LIN 

2.996E 00 

3 

DTFF 

22 

LIN 

5.330F-02 

14 

DIFF 

13 

LIN 

6.970F-02 

9 

DIFF 

30 

LIN 

U450E-01 

32 

B CUN 

72 

LIN 

7.410E-04 

29 

DIFF 

81 

LIN 

1.590E-03 

6 

DIFF 

93 

RAD 

1. 240E- 11 

32 

BOUN 

19 

LIN 

4.670E-01 

11 

DIFF 

28 

LIN 

5. 150E-01 

32 

BOUN 

74 

LIN 

8.750E—04 

29 

DIFF 

76 

LIN 

0.75QE-O4 

30 

D I p F 

82 

LIN 

I.920E-03 

6 

DIFF 
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TRH SYSTEMS "improved NUMERICAL DIFEERENCI«G ANALYZE R - - SINDA - - IBM-360/75 VERSION, PHILLIPS PETROLEUM CO. 

WARM-UP CASE FUSIBLE HFAT SINK 


TRANSIENT WATER/KHFR/ ETHANOL FUSIBLE 

91 RAD 4.410E- 

20 3.220 E— 02 1.649E-04 


HEAT SINK 
II 32 BOON 


21 1.270E-02 5.797E-03 


‘22 1.499E 01 7.639E-02 


23 1.188E 01 S.938E-02 


24 1.301E 01 6.6B0E-02 


25 2.151E 01 1.073E-01 


78 

79 

4 

10 

21 

24 

75 

38 

44 

45 

46 

47 

48 

49 
78 


UN 1.920F 
LIN 3-270E 

LIN 2-096E 
LIN 2.200F- 
LIN 1.550E- 
LIN 1.550E- 
LIN 4. 190E- 

LIN 3.817E- 
LIN 1.735E 
LIN 2.221E- 
UN 1.072E- 
LIN 1 .475F 
LIN 1.691E- 
LIN 1.326E- 
LIN 1.920E 


26 2.080E 01 1.062F-01 


02 74 DIFF, ONE WAY CONDUCTOR 

00 16 DIFF 

00 3 DIFF 

•02 7 DIFF 

•02 1 1 D IFF 

-02 12 DIFF 

-02 30 DIFF 

-01 2 DIFF 

.00 23 DIFF 

-01 24 DIFF 

-01 26 DIFF 

00 12 DIFF 

01 16 DIFF 

01 9 DIFF 

02 23 DIFF, ONE WAY CONDUCTOR 


44 

LIN 

1.735E 00 

22 

DIFF 

50 

LIN 

3.699E-01 

12 

DIFF 

51 

LIN 

8.501E-02 

26 

DIFF 

52 

LIN 

2.325E-01 

25 

OIFF 

53 

LIN 

5.552E 00 

8 

DIFF 

54 

LIN 

1.048E-01 

9 

DIFF 

78 

LIN 

1.920E 02 

25 

DIFF, 

32 

LIN 

4.858E-02 

1 

DIFF 

45 

LtN 

2.221 E-01 

22 

DIFF 

55 

LIN 

1.861E-01 

16 

DIFF 

56 

LIN 

2.082E 00 

25 

DIFF 

57 

LIN 

1.149E-01 

.9 

DIFF 

58 

LIN 

9.300E-02 

26 

DIFF 

78 

LIN 

1.920F 02 

22 

DIFF, 

33 

LIN 

4. 858E-02 

l 

DIFF 

52 

UN 

2.325E-01 

23 

DIFF 

56 

LIN 

2.0B2F 00 

24 

DIFF 

59 

LIN 

5.795E 00 

8 

DIFF 

60 

LIN 

1 .537E—0 1 

26 

DIFF 

61 

LtN 

1.898E-01 

9 

DIFF 

78 

LIN 

1.920E 02 

1 

DIFF, 

36 

LTN 

4.233F-02 

i 

DIFF 

41 

LIN 

9.994E-02 

? 

DIFF 

46 

LIN 

1. 072E-01 

22 

DIFF 

51 

LIN 

B.501E-02 

23 

DIFF 

58 

LIN 

9.300E-02 

24 

DIFF 


ONE WAY CONDUCTOR 


ONE WAY CONOUCTOR 
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TRW SYSTEMS IMPROVED NUMERICAL 0 IFFFRFNC ING ANALYZER 
TRANSIENT WATER /KHF 2/ETHANOL FUSIBLE HFAT SINK 


- SINDA - - l BM— 360/75 VERSION, PHILLIPS PETROLEUM 

WARM-UP CASE FUSIBLE HEAT SINK 


27 2.Q89E 01 I, 05 BE- 01 


26 ,2.0a0E 01 l« 049E—01 


_ 29 JL.140E-02 1.046E-01 


30 I.14QE-02 8.481E-02 


31 1.610 E-Ol 
A 

* * * * 
TIME 0.0 


8.385 E-04 


60 

LTV 

1. 537E-01 

25 

DIFP ' 

62 

UN 

1.617E 00 

27 

01 FF 

63 

LTN 

1.902E-01 

16 

DIFF 

64 

LIN 

1.128E-01 

12 

DIFF 

65 

LTM 

1.2B4E 00 

8 

DIFF 

77 

LIN 

1.9Z0F 02 

27 

DIFF, one way 

62 

LIN 

1.617E 00 

26 

DIFF 

66 

LTN 

I.617E 00 

28 

DIFF 

67 

LIN 

1.284E 00 

8 

DIFF 

63 

LTN 

1.128E-01 

12 

D IFF 

77 

LIN 

1.920E 02 

28 

DIFF, ONE WAY 

66 

LTN 

1.617E 00 

27 

DIFF 

69 

LIN 

3.234E 00 

7 

DIFF 

70 

LIN 

1.284E 00 

8 

DIFF 

71 

LIN 

1.128E-01 

12 

DIFF 

77 

LIN 

1.920E 02 

3 

DIFF, ONE WAY 

29 

LIN 

B.720F-02 

32 

BO UN 

72 

LIN 

7.41OE-04 

18 

DIFF 

73 

LIN 

l. 645E-02 

10 

DIFF 

74 

LIN 

8.750E-04 

19 

DIFF 

92 

RAD 

7.470E-12 

32 

BOUN 

26 

LIN 

8.720E-02 

32 

BOUN 

75 

LIN 

'4.190E-02 

21 

DIFF 

76 

LIN 

8.750E-04 

19 

DIFF 

8? 

LIN 

7.410E-04 

13 

DTFF 1 

89 

RAO 

7.470F-I2 

37 

BOUN 

77 

LIN 

1.920E 02 

20 

DIFF, ONF WAY 

oio 


CSGMtNI 


0) 0.0 


DTMPCCt 


0 ) 


0.0 


ARLXCCt 


0 ) 


1 

THRU 

5 

6 

THRU 

10 

it 

THRU 

15 

16 

THRU 

20 

21 

THRU 

25 

26 

THRU 

30 

31 

THRU 

32 


Cl 0.59400E 01 C2 

C24 0.13010E 02 C25 

C20 0.20800F 02 C3 

C6 0.16800E 00 G53 

* * * * 

TIME 2. 50000E-01 DTIMEU 


6.2Q0012F 00 
6. Z00012E 00 
6.700O12F. 00 
6.20Q012E 00 
6. 200012F 00 
6.2O0Q12E 00 
6. 200012E 00 

0.13960E 02 C22 

0.2I510F 02 CZ6 

0.97000 E 01 C4 

‘ 0. 50905E 01 G62 

5.00D11F-03 CSGM IN ( 


6.2000I2E 00 
6.200012E 00 
6.200012E DO 
6.200012E 00 
6.200012E 00 
6. 200012E DO 
7.000000E 01 

0.14990E 02 C23 

0.20800 E 02 C27 

0.34300E 01 C5 

0.17350E 01 


6.200012E 

00 

6.200012E 

00 

6.200012E 

00 

6.200012E 

00 

6. 200012E 

00 

6 .200012E 

00 

6. 2QQ0I2E 

00 

6.2000I2E 

00 

6.20D012E 

00 

6.200012E 

00 

6. 200012F 

00 

6.200G12E 

00 


O. 11880E 02 

P. 20800E 02 
0.343 OOE 01 


20 > 1.64099E— 04 DTMPCCl 291 2.50732E-01 ARLXCCt 


6 

6 . 

6 

6 

6 

6 


71 


CO. PAGE 


0 


200012E 00 
200012E 00 
.200012E 00 
•200012E 00 
.200012E 00 
.200012E 00 


.765 63 E-04 


9£-a 




1 THRU 


7. 13 5742 E 00 


7-46 1426 E 00 


1-435132F 01 


7-22I436E 00 



v 

6 -493 896 E 00 




1 







TRW SYSTEMS IMPROVED NUMERICAL DIRFERFNCING ANALYZER 

TRANSIENT ..WATER/KHFZ/ETHaNO^FUSIBL^HFW SINK 

7* A27A90E 00 
3 * 155A93F 01 
1.53B477E 01 
8.500732E 00 
1.AA8169E 01 


SINOA - - IBM-360/75 VERSIONS PHILLIPS PETROLEUM CO- PAGE 

WARM-UP CASE FUSIBLE HEAT SINK 


Cl 

C24 

C28 

C6 

*' *‘ 

TIME 


6 

THRU 

10 

11 

THRU 

15 

16 

THRU 

20 

21 

THRU 

25 

26 

THRU 

39 

31 

THRU 

32 

0 

. 59400 E 

0 1 C 2 


1.386499E 01 
6. 568359F 00 
1.397974F 01 
6. 295654E 00 
1.053735E 01 
7.000000E 01 


0-13010E 02 C25 
0.20800E 02 C3 
0-16800E 00 G53 
# * 

5.00000E-01 DTIMEU 


0.13960E 02 C22 
0.21510F 02 C26 
0.97000E 01 CA 
0-A6502E 01 062 


O.IA990E 02 C23 
0*20800 E 02 C2T 
0 .3A300E 01 C5 
0.17210E 01 


8.430176F 00 
5. 0A331 IF 01 
4.957910H 01 
6*413 81 8 F 00 
1.2 8A277E 01 

0.11880E 02 
0.20800E 02 
0*343 OOE 01 


1.025220E 01 
6.399414E 00 
4.0312T4E 01 
6*H47314E 00 
5. 52653 8E 01 


8*336426E 00.. 
6.393555E 00 
S *670410 E 00 
6. 571289E 00 
5.00053TE 01 


5.C00UE-03 CSGMINl 20) 1.64B99E-04 OTHPCCt 25) 


7.299896—02" ARLXCCt T* 1.220706-03 



1 THRU 

, 5 


6 THRU 

10 


11 THRU 

15 


16 THRU 

20 


.21 THRU 

25 


26 THRU 

30 


31 THRU 

32 

Cl 

0. 59400E 

01 C2 

C24 

0.13010E 

0 2 C’5 

C28 

0.20800E 

02 C3 

C6 

0.16 800E 

00 G53 


* * * * 

TIME 7.50000F-01 DTIMEU 


Cl 

C24 

C28 

C6 

* * 


1 

THRU 

5 

6 

THRU 

10 

il 

THRU 

15 

16 

THRU 

70 

21 

THRU 

25 

26 

THRU 

30 

31 

THRU 

32 

0. 

59400F 

01 C2 


0 . 1301 9 E 0 2 C 2 5 
0.20800F 02 C3 
0.16799E 00 G53 
* 


1.103760E Ol 
5* 10599BE 01 
8.635010E 00 , 

3* 256641E 01 
1.63 23 OOE 01 
1.252539E 01 
1. 5A7119E 01 

0.13960E 32 C22 

0.21510E 02 C26 

0.97000E 01 CA 

0.36356E 01 G62 

5.00011E-03 CSGMIN-t 

I.380005E 01 
5- 230518F 01 

0. 794A34E 00 
3* 520923E 01 
1. 9Q8936E 01 
1.46B262E 01 

1. B34302F 01 

0.13960E 02 C22 
p .trmoE- 0-2 £26 
0.97000F 01 C4 
0.27614F 01 G62 


1.148169E 01 
I. 597534E 01 
7.328613E 00 
1 .465576 E_ 01 
7* 787598E 00 
1.375464E 01 
7.0000005 01 

0 -14990 E 02 C23 

0.20800E 02 C27 

0.34300E 01 C5 

0*1543 8E 01 


1.511035E 01 
1 .162573 E 01 
5. 281885E 01 
5*179 102E 01 
8. 63 7451 E 00 
1.455444E 01 


0.118B0E 02 
0*208006 02 
0*343 ODE 01 


8 J424Q72E 00 
1.30 4248 E 01 
6.8471686 DO 
4.141040E 01 
7 .2438965 QO 
6.015845E 01 


20) 1.64898E-04 OTHPCCl 21) 7.299BDE-02 ARLXCCt 


1 . 40 4663 E 01 
1.821899E 01 
8.4A3359E 00 
1.686963E 01 
1.096802E 01 
1.555298E 01 
7. OOOOOOE 01 

0.1A990E 02 C23 

0.20800E 02 C27 

0.3A300E 01 C5 

0*122506 01 


1.767212E 01 
1.A89722E 01 
5.348804E 01 
5.293726E 01 
1.196069E 01 
1.6511476 01 


0.11880E 02 
0.20800E 02 
0*343 OOE 01 


9.568848E 00 
1 *670972 E 01 . 
7-491455E 00 
4*1963876 01 
1.012427E 01 
6.0901866 01 


7.1816416 00 
X .080029.6 01 
6-836182E 00 
7* 666260E 00 
9 ,4260256 00 
5.279199E 01 


14) 1.46484E^03 


B.2373056 00 
1.277979E 01 
7-4763186 00 
1.0 54224 £ 01 
1*2649906 Ol 
' 5*3586916 Ol 
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